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Abstract
This document contains draft text for changes under consideration for future extensions to the versatile supplemental enhancement information messages for coded video bitstreams (VSEI) standard (Rec. ITU-T H.274 | ISO/IEC 23002-7) to modify existing SEI messages, specify additional SEI messages, or specify other functionalities. This document also contains draft text for changes under consideration for future extensions to the VVC, HEVC, and AVC standards for specifying the use of SEI messages specified in VSEI in VVC, HEVC, and AVC bitstreams, respectively.
The base text for this version of the document is JVET-AN2032.
Versions
Changes integrated for the 41st JVET meeting:
· Editorial improvements
· JVET-AO0050 AHG9: Miscellaneous editorial changes for VSEI TuC 
· Editorial:
· JVET-AO0085 AHG9: Editorial improvements for VSEI v4 and TuC
· JVET-AO0185 AHG9: Editorial changes on VSEI TuC 
· Versatile SEI
· JVET-AO0150 AHG9: On versatile SEI RBSP and versatile SEI message
· JVET-AO0101 AHG9: Text description information SEI message in processing chain. No text change for this document. The adopted item from AO101 (i.e., item 1) is included in the errata document.
· NNPF
· JVET-AO0063 AHG9: On Neural-network Post-filter Signaling 
· JVET-AO0118 AHG9: On a demosaicking purpose for the NNPFC SEI
· Encoder optimization info (EOI)
· JVET-AO0097 AHG9: Temporal extrapolation support for the EOI SEI message
· JVET-AO0172 [AHG9] EOI SEI message: Essential corrections to TuC
· JVET-AO0281 AHG9: On depth-based optimization in the EOI SEI message
· Scalability dimension info (SDI) SEI
· JVET-AO0193 AHG9: On the SDI SEI message 
· JVET-AO0198 AHG9: SDI SEI clean-up related to interaction between JVET-AN0265-v2 and JVET-AM0090
· Display rectangles (DR)
· JVET-AO0124 AHG9: On display rectangles SEI message 
· JVET-AO0165 AHG9: On display rectangles gradient filling 
· Display overlays info (DOI)
· JVET-AO0125 AHG9: On display overlays information SEI message 
· Film grain regions characteristics (FGRC)
· JVET-AO0064 AHG9/AHG13: On Film Grain Regions Characteristics SEI Message 
· JVET-AO0099 AHG9: On the use of alpha planes with the FGRC SEI message
· Danmu information
· JVET-AO0077 AHG9: On danmu information SEI message 
· JVET-AO0155 AHG9: On the danmu information SEI message
· JVET-AO0164 AHG9: on the Danmu SEI message
· Colour mapping info (CMI)
· JVET-AO0168 AHG9: On CMI
· JVET-AO0202 AHG9: On the colour map information SEI message
· JVET-AO0211 On colour mapping SEI message
· Graphics rendering info (GRI)
· JVET-AO0203 AHG9: On the graphics rendering information SEI message
· Localization and mapping (LAM) SEI:
· JVET-AO0216 AHG9: Miscellaneous items for the LAM, PCI and RN SEI messages
· Constituent rectangles (CR)
· JVET-AO0156 AHG9: On the constituent rectangles SEI message
· Multiple SEI messages
· JVET-AO0189 AHG9: On the layer ID of CR and ECFI SEI message
· JVET-AO0079 AHG9: On DOI, BRI, and ECFI SEI messages for multi layer operation (Item 1 and 4)
· JVET-AO0096 AHG9: On interface text for SEI messages in TuC
· JVET-AO0187 AHG9: Miscellaneous aspects of SEI messages in VSEI TuC
· Sample interleaving
· JVET-AO0149 AHG9: Text fixes for sample interleaving SEI message
· Digitally signed content (DSC)
· JVET-AO0106 AHG9: On bitstreams for subpicture-based signing in digitally signed content SEI messages 
· JVET-AO0107 AHG9: Miscellaneous aspects of digitally signed content SEI messages 
· JVET-AO0214 AHG9: editorial updates for VSEI TuC Digitally Signed Content SEI. No text changet needed as the syntax element (i.e., dsci_verification_substream_id[ i ]) was removed by the adoption of JVET-AO0107 Item 2.
· Photosensitive content information (PCI) SEI
· JVET-AO0080 AHG9: On photosensitive content information SEI
· Film grain regions characteristics (FGRC)
· JVET-AO0102 AHG9: On handling film grain characteristics SEI message and film grain regions characteristics SEI message
· JVET-AO0103 AHG9: On alpha channel adaptation in film grain regions characteristics SEI message
· JVET-AO0104 AHG9: On region-based adaptation in film grain regions characteristics SEI message
· JVET-AO0105 AHG9: Miscellaneous aspects of film grain regions characteristics SEI message
· Quality metric QM
· JVET-AO0192 AHG9: On the QM SEI message
· JVET-AO0115 AHG9: On minimum value for the quality metrics SEI message 
· Graphics rendering info (GRI)
· JVET-AO0162 AHG9: on the SDI SEI message dependency for GRI 
· Auxiliary sampling alignment information SEI message syntax (ASAI)
· JVET-AO0161 AHG9: on the SDI SEI message dependency for ASAI
· Syntax descriptors 
· JVET-AO0169 AHG9: On flf
· Modality Information
· JVET-AO0160 AHG9: on MI SEI extension for multispectral picture
Changes integrated for the 40th JVET meeting:
· Editorial improvements
· Removed unnecessary highlighting, fix some table tabs
· 	JVET-AN0160 AHG9: On DR SEI, DOI SEI, and CR SEI messages : item2 DOI SEI
· Syntax descriptors
· JVET-AN0242 AHG9: Signalling of floating-point values in VSEI and graphics rendering information SEI
· Quality metric QM
· JVET-AN0066 AHG9: On the QM SEI message  
· JVET-AN0246 AHG9: Metric value range for quality metrics SEI 
· Shutter interval
· JVET-AN0145 AHG9: On the shutter interval information extension in TuC of VSEI
· NNPF
· JVET-AN0068 AHG9: On Neural-network Post-filter Information Signaling and Semantics 
· Constituent rectangles (CR)
· JVET-AN0102 AHG9: On the CR SEI message 
· JVET-AN0149 AHG9: On the constituent rectangles SEI message in TuC of VSEI
· JVET-AN0160 AHG9: On DR SEI, DOI SEI, and CR SEI messages
· Display rectangles (DR)
· JVET-AN0124 AHG9: Additional features in display rectangles SEI message
· JVET-AN0160 AHG9: On DR SEI, DOI SEI, and CR SEI messages
· Display overlays info (DOI)
· JVET-AN0104 AHG9: On the DOI SEI message 
· JVET-AN0117 AHG9: On display overlays information SEI message
· JVET-AN0148 AHG9: On the display overlays information SEI message in TuC of VSEI
· Item 2 of JVET-AJ0076: Add the following constraint: The value of cr_rect_type_idc[ doi_layer_idx[ i ] ][ doi_partition_idx[ i ] ] shall not be equal to 255. Note that this was agreed (see the JVET-AJ meeting minutes) but the integration was missing.
· JVET-AN0366 AHG9: Purpose indicators for Display Overlays Information SEI message 
· Bitdepth range info (BRI)
· JVET-AN0147 AHG9: On the bitdepth range information SEI message in TuC of VSEI 
· SEI processing order (SPO) and processing order nesting (PON)
· JVET-AN0108 AHG9: On the SPO SEI message extension complexity 
· Digitally signed content (DSC)
· JVET-AN0370 AHG9: Digitally signed content DSC): On subpicture signing
· Film grain regions characteristics (FGRC)
· JVET-AN0069 AHG9/AHG13: Updates for the film grain regions SEI message
· JVET-AN0146 AHG9: On the film grain regions characteristics SEI message in TuC of VSEI
· Graphics rendering info (GRI)
· JVET-AN0144 AHG9: On the graphics rendering information SEI message in TuC of VSEI
· JVET-AN0230 AHG9: on the GRI SEI message 
· Danmu information
· JVET-AN0115 AHG9: On the danmu Information SEI message
· JVET-AN0262 AHG9: On danmu information SEI message
· JVET-AN0232 AHG9: on the Danmu SEI message 
· Enhanced colour format information (ECFI)
· JVET-AN0143 AHG9: On the enhanced colour format information SEI message in TuC of VSEI 
· JVET-AL0308: Change coding of ecfi_vui_layer_id and ecfi_layer_id[ i ] from u(6) to ue(v) and add range specification. Note that this was agreed (see the JVET-AL meeting minutes) but the integration was missing.olour mapping info (CMI)
· JVET-AN0245 AHG9: On colour mapping info SEI message 
· JVET-AN0244 AHG9: Prespecified colour maps for the colour mapping info SEI message
· JVET-AN0357 AHG9: On prespecified colour maps for the colour mapping information SEI message
· JVET-AN0231 AHG9: on the CMI SEI message 
· Encoder optimization info (EOI)
· JVET-AN0208 AHG8/AHG9: Depth-aware optimization for Encoder optimization information SEI message 
· Lens optical correction (LOC)
· JVET-AN0074 AHG9: On Lens Optical Correction SEI 
· Localization and mapping (LAM) SEI:
· JVET-AN0075 AHG9: On Localization and Mapping SEI 
· JVET-AN0167 AHG9: On localization and mapping SEI message 
· JVET-AN0260 AHG9: Suggested modifications for the LAM SEI
· Scalability dimension info (SDI) SEI
· JVET-AN0235 AHG9: on the SDI SEI message dependency 
· JVET-AN0265 AHG9: On confidence auxiliary layer design
· New messages:
· JVET-AN0077 AHG9: Sample Grouping SEI message (name Sample interleaving SEI)

Changes integrated for the 39th JVET meeting:
· [Ed: Clearly mark/name the options in the TuC.]
· Alpha channel info (ACI)
· JVET-AM0324 Correction to the Alpha Channel Information SEI message processing order 
· Shutter interval (SI)
· JVET-AM0100 AHG9: Shutter interval information SEI message extension for rolling shutter cameras.
· SPO
· JVET-AM0079 AHG9: On the SPO SEI message
· JVET-AM0155 AHG9: On the SPO SEI message complexity signaling
· ASAI
· JVET-AM0083 AHG9: Auxiliary sampling alignment and transformation information SEI 
· EOI
· JVETAM0126 AHG9: Temporal quality indication for EOI SEI message 
· CR
· JVET-AM0092 AHG9: Editorial changes on the CR SEI 
· JVET-AM0093 AHG9: On the CR SEI message 
· DR
· JVET-AM0095 AHG9: On the DR SEI message 
· JVET-AM0146 AHG9: On display rectangles with same display aspect ratio as cropped decoded picture
· DSC
· JVET-AM0193 AHG9: On digitally-signed content SEI messages for subpicture support in TuC of VSEI 
· PRI
· [bookmark: _Hlk204010019]Item 3 of JVET-AM0211 AHG9: On the packed regions information SEI message
· Film grain regions characteristics (FGRC)
· JVET-AM0085 AHG9/AHG13: On Film Grain Regions Characteristics SEI message 
· JVET-AM0124 [AHG9/AHG13]: On typo fix and interface software contribution to the FGRC SEI message 
· NNPF
· JVET-AM0087 AHG9: Comments on VSEI TuC 
· JVET-AM0173 AHG9: NNPFA SEI message extension for multi-purpose NNPFs 
· Photosensitive content
· JVET-AM0086 AHG9: On Photosensitive Content Information Signaling 
· DOI
· JVET-AM0094 AHG9: On the DOI SEI 
· JVET-AM0147 AHG9: On applying display overlays on display rectangles
· JVET-AM0180 AHG9: Overlay purpose indicator for Display overlays information SEI message 
· PSI
· JVET-AM0097 AHG9: On the PSI SEI message 
· JVET-AM0192 AHG9: On picture segmentation SEI message in TuC of VSEI 
· DI
· JVET-AM0154 AHG9: On danmu information SEI message 
· JVET-AM0161 AHG9: On display timing in the danmu information SEI message 
· JVET-AM0182 AHG9: On the Danmu SEI message
· QM
· JVET-AM0096 AHG9: On the QM SEI message 
· BRI
· JVET-AM0099 AHG9: On the BRI SEI message
· [bookmark: _Hlk204009106]Item 2 of JVET-AJ0074: Add the following constraint: The value of cr_rect_type_idc of the constituent rectangle specified by bri_partition_idx[ i ] shall not be equal to 255. Note that this was agreed (see the JVET-AJ meeting minutes) but the integration was missing.
· Scalability dimension info (SDI) SEI
· JVET-AM0090 AHG9: SDI SEI extension for signalling described layer of confidence layer 
· Colour mapping info (CMI)
· JVET-AM0108 AHG9: On colour mapping information SEI message 
· LOC
· JVET-AM0101 AHG9:  On Lens Optical Correction SEI message
· JVET-AM0102 AHG9:  Additional models for the LOC SEI message
· Location and mapping (LAM):
· JVET-AM0181 AHG9: Proposed new SEI message on localization and mapping

Changes integrated for the 38th JVET meeting:
· ECFI
· JVET-AL0302  Updates of the enhanced colour format information SEI message
· SPO
· JVET-AL0064  AHG9: On the SPO SEI message complexity signaling 
· EOI
· JVET-AL0221  AHG9: EOI SEI message with luma range adaptation for machine analysis
· MPI
· JVET-AL0091  AHG9: On the multiplane image information (MPII) SEI message
· Multiple
· JVET-AL0308  AHG9: On layer ID syntax elements in VSEI TuC
· JVET-AL0093  AHG 9: On value range for syntax elements coded as u(v)
· NNPF
· JVET-AL0175  AHG9: On Target Mastering Colour Volume Information in the NNPFC SEI message for Tone Mapping
· JVET-AL0209  AHG9: On providing robustness against layer dropping in multi-layer NNPF
· DSC
· JVET-AL0186  AHG9: Subpicture support for digitally signed content SEI messages
· CR
· JVET-AL0095  AHG 9: On constituent rectangles SEI message
· JVET-AL0139  AHG9: On multilayer support for CR SEI
· DR
· JVET-AL0138  VVC interface for Display Rectangles SEI
· JVET-AL0141  AHG9: Showcase on the implementation of display rectangles SEI
· JVET-AL0097  AHG 9: Gaussian blur filling method in display rectangles SEI message
· JVET-AL0099  AHG9: On design of display rectangles SEI message
· LOC
· JVET-AL0216  [AHG9] Lens Optical Correction SEI – floating point parameters representation
· New
· JVET-AL0127  AHG9: Danmu information SEI message
· JVET-AL0092  AHG9: Confidence information SEI message
· JVET-AL0219  AHG9: Colour mapping info SEI message
· JVET-AL0211  AHG9: Resolution nesting for FGC SEI message
· Removed VVC interface text for the packed regions information SEI message.
· Removed changes to HEVC and AVC for the modality information SEI message.
· Removed the image format metadata SEI message, which had been adopted to VSEI version 4 earlier.
Changes integrated for the 37th JVET meeting:
· PSI SEI message
· JVET-AK0325	New SEI message for Segmentation Information [D. Podborski, A.M. Tourapis (Apple)]
· CR SEI and ECFI messages
· JVET-AK0115	AHG9: On supporting 4:4:4 color format in constituent rectangles and enhanced colour format information SEI messages (Item 1: Signalling layer id of the referenced VUI in CR SEI message. Item 2: Signalling of syntax element of color information in ECFI SEI message)
· CR SEI message
· JVET-AK0209	AHG9: On constituent rectangles SEI message (tem 1 &3: bugfixes. Item 4: Signalling subpicture index)
· JVET-AK0210	AHG9: On constituent rectangle grouping for 4:4:4 color format support in constituent rectangle SEI message (Both item 1 & 2: Updates related to the support for 444 color format)
· JVET-AK0332	AHG9: Syntax for constituent Rectangles SEI extension to support 4:2:2 source content coded in bitstream with 4:2:0 chroma format
· NNPF SEI messages
· JVET-AK0147	AHG9: On NNPF for Tone Mapping with Colour Volume Information (Option #1 includes a number of additional syntax elements to describe a tone mapping with colour volume)
· JVET-AK0167	AHG9: On Enabling the usage of auxiliary layers for NNPF
· JVET-AK0073	AHG9: Enabling multiple instances of NNPF extrapolated pictures (Item 2: indicating text prompts for each NNPF inference process separately)
· JVET-AK0324	AHG9: On Multiple NNPF Extrapolations
· JVET-AJ0130	AHG9: Applying neural-network post-filters to multi-layer bitstreams
· EOI SEI message
· JVET-AK0155	AHG9: On Encoder optimization information SEI message
· DOI SEI message
· JVET-AK0099	AHG9: On bit depth alignment between target and coded pictures in DOI SEI
· JVET-AK0100	AHG9: DOI SEI support for target picture with alpha channel
· JVET-AK0157	AHG9: On the number of DOI SEI message in an AU (Clarify how to handle multiple DOI SEI messages associated with a PU)
· JVET-AK0158	AHG9: On reconstruction of target display picture in DOI SEI message (Item 1 ~ 4: Related to handling chroma format for reconstructing target pic)
· JVET-AK0190	AHG9: On the display overlays information SEI message
· JVET-AK0265	AHG9: Display overlay sets for DOI SEI
· QM SEI message
· JVET-AK0159	AHG9: On miscellaneous aspects of quality metrics SEI message (Item 1 Option 1, and Items 2, 3, 4, and 5. Misc updates to improve the current design.)
· JVET-AK0207	AHG9: On signalling of average quality in quality metrics SEI message (Item 1: Constraint that a QM SEI shall be present in the beginning of CLVS when avrg value feature is used.)
· JVET-AK0208	AHG9: On the inclusion of quality metric SEI message in SEI processing order SEI message (I tem 2: Clarification when QM SEI is in PON. Item 5: Editorial clean-up.)
· BRI SEI message
· JVET-AK0189	AHG9: On the bitdepth range information SEI message (Items 1, 2, 3, and 4)
· LOC SEI message
· JVET-AK0179	AHG9: On Lens Optical Correction SEI message (Items 1 and Item 2 and Item 3 option A and the inferred values of Item 4)
· [bookmark: _Hlk172175129][bookmark: _Hlk152255943]Packed regions SEI message
· Removed from TuC (since it had been added to the draft VSEI v4 text)
· AI usage restrictions SEI message
· Removed from TuC (since it had been added to the draft VSEI v4 text)
· Display rectangles SEI message
· JVET-AK0142	AHG9: Display rectangles SEI
· PCI SEI message
· JVET-AK0153	AHG9: On Photosensitive Content Information Signaling (Proposals 1 and Proposal 2 with modifications indicated)
· FGRC SEI message
· JVET-AK0058	AHG9/AHG13 Comments on Film grain regions characteristics SEI message
Changes integrated for the 36th JVET meeting:
· Quality metrics SEI
· JVET-AJ0323 Adding two metrics to the Quality Metrics SEI in the TuC for future extensions of VSEI
· Derived chroma formats
· JVET-AJ0215 Derived chroma formats using layered HEVC (Status update)
· Image Format Metadata SEI
· JVET-AJ0055 Updates to ICC profile portion of IFM SEI
· General editorial improvements
· JVET-AJ0101 Miscellaneous modifications for SEI messages in the TuC for future extensions of VSEI (BRI, DOI and IFM aspects)
· Constituent rectangles SEI
· JVET-AJ0244 Guard bands for Constituent Rectangles SEI
· JVET-AJ0245 Multi-layer support for Constituent Rectangles SEI
· JVET-AJ0248 Constituent Rectangles SEI extension to support 4:4:4 source content coded in bitstream with 4:2:0 chroma format
· JVET-AJ0075 On the constituent rectangles SEI message
· Image Format Metadata SEI
· JVET-AJ0258 Refinement and extension of IFM SEI message
· Packed regions information SEI
· JVET-AJ0060 Packed regions information SEI with multi-layer
· Bitdepth range information SEI
· JVET-AJ0139 On signalling partition information in BRI and DOI SEI messages
· JVET-AJ0074 On the bitdepth range information SEI message
· Lens optical correction SEI
· JVET-AJ0170 On Lens Optical Correction SEI message
· JVET-AJ0240 Lens Optical Correction SEI message updates
· Display overlays SEI
· JVET-AJ0139 On signalling partition information in BRI and DOI SEI messages
· JVET-AJ0160 Layer-specific partition type for DOI SEI
· JVET-AJ0242 On initialization of target picture for DOI SEI
· JVET-AJ0243 Display overlay information SEI flags for full occupancy and suitability for display
· JVET-AJ0076 On the display overlays SEI message
· AI usage restrictions SEI
· JVET-AJ0109 On AI usage restrictions SEI message
· Generative Face video SEI
· Move GFV and GFVE to VSEI draft (see notes for JVET-AJ0207)
· Graphics rendering information SEI
· JVET-AJ0246 Graphics rendering information SEI for gaming content
· Photosenstive content information SEI
· JVET-AJ0064 Signaling of Photosensitive Content Information
· Neural Network Post Filter
· JVET-AJ0059 On NNPFC SEI message with multiple instances of temporal extrapolated pictures
· JVET-AI0322 On Neural Network Post Filter with Multiple Temporal Extrapolations
· Digitally signed content SEIs
· Move to VSEI draft (see notes for JVET-AJ0151)
· Remove the following from TuC:
· Changes to VSEI subclause 8.28 for adding the support of grouping of NNPFs (from page 3 to page 11 of JVET-AI2032-v3)
· Alternative changes to VSEI subclause 8.28 and VVC subclause D.12.11 for adding the support of grouping of PFs (both NNPFs and non-NN PFs) (from page 11 to page 17 of JVET-AI2032-v3)
· Addition(s) related to payload size signalling
· JVET-AH0167 AHG9: On payload size signalling for SEI messages (see notes for JVET-AH0167)
Changes integrated for the 35th JVET meeting:
· AI0156 Generative face video SEI bug fixes and editorial updates
· AI0158 Lens optical correction SEI message
· AI0178 Constituent Rectangles SEI minor updates
· AI0181 Display overlays SEI
· AI0182 Bitdepth range info SEI
· AI0184 Generative face video SEI value ranges for ue(v)-coded syntax elements and editorial updates
· AI0189 Generative face video SEI updates on signalling and derivation of translator NN
· AI0190 Generative face video SEI updates on persistence and disallowing pictures from being both a base picture and a fusion picture
· AI0191 Generative face video SEI updates on GFV facial parameters signalling
· AI0192 Generative face video SEI on output order of GFV output pictures
· AI0193 Generative face video SEI editorial suggestions
· AI0194 On chroma key fusion for the generative face video SEI message
· AI0195 Change coding of key point coordinates and decimal part of matrix elements from u(v) to ue(v), and change the key point coordinates that are input to the generative model from the actual coordinates to be the normalized coordinates.
· AI0127:Digitally Signed Content Authentication SEI
· AI0340 AI usage restrictions SEI 
· AI0205 Combined image format information SEI to replace separate SEI messages
· AI0206 International Color Consortium (ICC) profiles added to combined image format info SEI

Changes integrated for the 34th JVET meeting:
Changes noted below correspond to aspects of JVET-AH0049, JVET-AH0161, JVET-AH0162, JVET-AH0164, JVET-AH0325, and JVET-AH0350.
· Add interface text for AVC and HEVC to support modality information SEI as proposed in JVET-AH0049
· Add packed regions SEI as proposed in JVET-AH0161
· Add constituent rectangles SEI as proposed in JVET-AH0162
· Add quality metric SEI as proposed in JVET-AH0164
· Remove post-processing filter gain SEI message (features include in quality metric SEI)
· Remove Copyright SEI and AI marking SEI (features included in text description SEI in JVET-AH2006)
· Add alternative persistence signalling as proposed in JVET-AH0325
· Add modification to generative face video SEI in JVET-AH0053
· Document both the breadth-first and depth-first SEI processing order approach of JVET-AH0350 as TuC text specification to determine whether depth-first has some advantage.
· Semantics fixes for GFV SEI message form JVET-AH0349
· Add generative face video enhancement SEI message from JVET-AH0127
· Added gfv_low_confidence_face_parameter_flag to generative face video enhancement SEI message from JVET-AH0054

Summary of JVET-AG0232: changes noted below corresponding to aspects of JVET-AG0044, JVET-AG0045, JVET-AG0051, JVET-AG0086, JVET-AG0087, JVET-AG0203, and JVET-AG0328
·  Remove encoder optimization information SEI message (move to JVET-AG2034)
· Add the capability for indicating temporal sublayers where optimization has been applied into the the encoder optimization information SEI message (JVET-AG0086, item 2 option A).
· Remove source picture timing information SEI message (move to JVET-AG2034)
· Remove object mask information SEI message (move to JVET-AG2034)
· Remove modality information in VUI (move to JVET-AG2034 as modality information SEI message (JVET-AG0322))
· Remove NNPFC SEI message application information signaling (move to JVET-AG2034)
· Include copyright SEI message as proposed in JVET-AG0044 proposal 1
· Include AI marking SEI message as proposed in JVET-AG0045 proposal 1
· Include generative face video SEI message 
· as proposed in JVET-AG0203
· Aspect 1 (gating flag for signalling the translator) (also agreed in context of JVET-AG0087)
· Aspect 2 (predictive signalling of matrix elements)
· Aspect 3 (more flexible interface between translator and model in terms of numbers of keypoints and matrix elements)
· with modifications agreed from JVET-AG0087 as follows.
· enable the capability of sending parameter translator description only at an IRAP
· allow multiple GFV SEI messages in a picture unit, e.g., carried within suffix SEI NAL units. Additional ingredients of this item include the following:
· Each new instance of a GFV SEI message will invoke the generative neural network (NN) inference.
· To differentiate between repetitions and new instances of GFV SEI messages, add a counter syntax element (gfv_cnt) in the syntax.
· Include film grain regions characteristics SEI message as proposed in JVET-AG0328
· Include versatile SEI RBSP and versatile SEI message as proposed in JVET-AG0051
· move to a separate section together with LSEI
· Proponents of both approaches are asked to work out possible combination
Changes to the VSEI specification text:
Additions to subclause 2.3 for support of quality metrics and photosensitive content information SEI messages
·  	ISO/IEC 23001-10 Carriage of timed metadata metrics of media in ISO base media file format
·  ISO/IEC 23001-11 Energy-Efficient Media Consumption (Green Metadata)
·  International Telecommunication Union, 2023, Recommendation ITU-R BT.1702-3: Guidance for the reduction of photosensitive epileptic seizures caused by television. 
· [bookmark: _Hlk179202126]International Organization for Standardization, ISO 9241-391:2016 Ergonomics of human-system interaction—Part 391: Requirements, analysis and compliance test methods for the reduction of photosensitive seizures.
· International Organization for Standardization, ISO/ IEC 40500:2012, Information technology — W3C Web Content Accessibility Guidelines (WCAG) 2.0. 
[Ed. (YK): Some of the above refernces might only need to be added to the Bibligraphy instead of as normative references, in particular ITU-R BT.1702-3 and ISO 9241-391.]

Add to clause 3 the following:
3. X subpicture: A rectangular region of one or more slices within a picture.
3.X picture order count (POC): A variable that is associated with each picture, uniquely identifies the associated picture among all pictures in the CLVS, and, when the associated picture is to be output from the decoder, indicates the position of the associated picture in output order relative to the output order positions of the other pictures in the same CLVS that are to be output from the decoder.
Add to clause 4 the following:
ICC		International Color Consortium
POC	Picture Order Count
Add to clause 6 the following:
6.3	Specification of syntax functions and descriptors
flf(w, t): binary floating-point value using w + t + 1 bits. When w or t is "v" in the syntax table, the number of bits varies in a manner dependent on the value of other syntax elements. The parsing process for this descriptor is specified in clause 9.4.1. 
fl(n): binary floating-point value using n bits, with n equal to 16, 32, 64, or 128. When n is "v" in the syntax table, the number of bits varies in a manner dependent on the value of other syntax elements. The parsing process for this descriptor is specified in clause 9.4.2. 

Modify clause 8.19: Scalability dimension SEI message as follows:
8.19.1	Scalability dimension information SEI message syntax

	scalability_dimension_info( payloadSize ) {
	Descriptor

		sdi_max_layers_minus1
	u(6)

		sdi_multiview_info_flag
	u(1)

		sdi_auxiliary_info_flag
	u(1)

		if( sdi_multiview_info_flag  | |  sdi_auxiliary_info_flag ) {
	

			if( sdi_multiview_info_flag )
	

				sdi_view_id_len_minus1
	u(4)

			for( i = 0; i  <=  sdi_max_layers_minus1; i++ ) {
	

				sdi_layer_id[ i ]
	u(6)

				if( sdi_multiview_info_flag )
	

					sdi_view_id_val[ i ]
	u(v)

				if( sdi_auxiliary_info_flag ) {
	

					sdi_aux_id[ i ]
	u(8)

					if( sdi_aux_id[ i ] > 0 ) {
	

						sdi_num_associated_primary_layers_minus1[ i ]
	u(6)

						for( j = 0; j  <=  sdi_num_associated_layers_minus1[ i ]; j++ )
	

							sdi_associated_ primary_layer_idx[ i ][ j ]
	u(6)

					}
	

				}
	

			}
	

		}
	

	}
	



8.19.2	Scalability dimension information SEI message semantics
sdi_aux_id[ i ] equal to 0 indicates that the i-th layer in the current CVS does not contain auxiliary pictures. sdi_aux_id[ i ] greater than 0 indicates the type of auxiliary pictures in the i-th layer in the current CVS as specified in Table 15. When sdi_auxiliary_info_flag is equal to 0, the value of sdi_aux_id[ i ] is inferred to be equal to 0.

	sdi_aux_id[ i ]
	Name
	Type of auxiliary pictures

	1
	AUX_ALPHA
	Alpha plane

	2
	AUX_DEPTH
	Depth picture

	3
	AUX_OBJECT_MASK
	Object mask picture

	4
	AUX_SEGMENT
	Segmentation plane

	5
	AUX_CONFIDENCE
	Confidence map

	6..127
	
	Reserved

	128..159
	
	Unspecified

	160..255
	
	Reserved



sdi_aux_id[ i ] shall be in the range of 0 to 5, inclusive, or 128 to 159, inclusive, for bitstreams conforming to this version of this Specification. Although the value of sdi_aux_id[ i ] shall be in the range of 0 to 5, inclusive, or 128 to 159, inclusive, in this version of this Specification, decoders shall also allow other values of sdi_aux_id[ i ] in the range of 0 to 255, inclusive.
If sdi_aux_id[ i ] is equal to 0, the i-th layer is referred to as a primary layer. Otherwise, the i-th layer is referred to as an auxiliary layer. When sdi_aux_id[ i ] is equal to 1, the i-th layer is also referred to as an alpha auxiliary layer. When sdi_aux_id[ i ] is equal to 2, the i-th layer is also referred to as a depth auxiliary layer. When sdi_aux_id[ i ] is equal to 3, the i-th layer is also referred to as an object mask auxiliary layer. When sdi_aux_id[ i ] is equal to 4, the i-th layer is also referred to as a segmentation plane layer. When sdi_aux_id[ i ] is equal to 5, the i-th layer is also referred to as a confidence map layer. 
sdi_num_associated_layers_minus1[ i ] plus 1 specifies the number of associated layers of i-th layer, which is an auxiliary layer. The value of sdi_num_associated_layers_minus1[ i ] +1 shall be less than the total number of layers.
sdi_associated_ primary_layer_idx[ i ][ j ] specifies the layer index of the j-th associated layer of the i-th layer, which is an auxiliary layer. The value of sdi_associated_layer_idx[ i ][ j ] shall not be equal to i when present. When sdi_aux_id[ i ] is in the range of 1 to 3, inclusive, the value of sdi_aux_id[ sdi_associated_layer_idx[ i ][ j ] ] shall be equal to 0.
NOTE 2 – An auxiliary layer describes a property of and applies to its associated primary layers.
When sdi_aux_id[ i ] is equal to 5, the following applies:
–	sdi_num_associated_layers_minus1[ i ] shall be equal to 0.
–	The luma samples of the i-th layer describe the confidence of the co-located samples of the sdi_associated_layer_idx[ i ][ 0 ]-th layer, as follows:
–	The samples whose value is equal to 0 represent the least confidence in the co-located sample value in the associated layer. 
–	The samples whose value is equal to 2BitDepthY − 1 represent the most confidence in the co-located sample value in the associated layer. 
In subclause 8.23.2 replace:
When both alpha_channel_incr_flag and alpha_channel_clip_flag are equal to 1, the clipping operation specified by alpha_channel_clip_type_flag should be applied first, followed by the alteration specified by alpha_channel_incr_flag, to obtain the interpretation sample value for the auxiliary picture luma sample.
with:
When both alpha_channel_incr_flag and alpha_channel_clip_flag are equal to one, the alteration specified by alpha_channel_incr_flag should be applied first, followed by the clipping operation specified by alpha_channel_clip_type_flag, to obtain the interpretation sample value for the auxiliary picture luma sample.
[bookmark: _Toc143670478][bookmark: _Toc147245551]Modify subclause 8.27 Shutter interval information SEI message syntax and semantics as follows:
[bookmark: _Toc147245552][bookmark: _Toc143670479]8.27.1 Shutter interval information SEI message syntax
	shutter_interval_info( payloadSize ) {
	Descriptor

		sii_time_scale
	u(32)

		sii_fixed_shutter_interval_within_clvs_flag
	u(1)

		if( sii_fixed_shutter_interval_within_clvs_flag )
	

			sii_num_units_in_shutter_interval
	u(32)

		else {
	

			sii_max_sub_layers_minus1
	u(3)

			for( i = 0; i  <=  sii_max_sub_layers_minus1; i++ )
	

				sii_sub_layer_num_units_in_shutter_interval[ i ]
	u(32)

		}
	

		if( more_data_in_payload( )  &&  payload_extension_present( ) ) {
	

			SeiExtensionBitsPresentFlag = 1
	

			sii_rolling_shutter_info_present_flag
	u(1)

			if( sii_rolling_shutter_info_present_flag ) {
	

				sii_rolling_shutter_scan_order
	u(2)

				sii_num_units_in_rolling_shutter_scan_interval
	u(32)

			}
	

		}
	

	}
	


[bookmark: _Toc143670480][bookmark: _Toc147245553]8.27.2 Shutter interval information SEI message semantics, add additional semantic definitions.
The rolling shutter information extension to the Shutter interval SEI message indicates the scan interval for the associated video source pictures prior to encoding, e.g., for camera-captured content, the scan interval is the amount of between scanning the first and the last pixel of a frame.
sii_rolling_shutter_info_present_flag equal to 1 specifies that sii_rolling_shutter_scan_order and sii_num_units_in_rolling_shutter_scan_interval are present in the SEI message. sii_rolling_shutter_info_present_flag equal to 0 indicates that sii_rolling_shutter_scan_order and sii_num_units_in_rolling_shutter_scan_interval are not present in the SEI message.
sii_rolling_shutter_scan_order indicates the rolling shutter scan order as specified in table X.
Table X
	sii_rolling_shutter_scan_order
	Scan order

	0
	Rolling shutter scans down pixels row by row from top to the bottom of the sensor

	1
	Rolling shutter scans up pixels row by row from bottom to the top of the sensor

	2
	Rolling shutter scans pixels column by column from left to the right of the sensor

	3
	Rolling shutter scans pixels column by column from right to the left of the sensor



sii_num_units_in_rolling_shutter_scan_interval indicates the number of time units of a clock operating at the frequency ssi_time_scale Hz that corresponds to the indicated rolling shutter scan interval from first pixel to last pixel of each picture in the CLVS. The value 0 may be used to indicate that the associated video content contains screen capture content, computer generated content, or other non-camera-captured content.
The indicated rolling shutter scan interval, denoted by the variable rollingShutterScanInterval, in units of seconds, is equal to the quotient of ssi_num_units_in_rolling_shutter_scan_interval divided by ssi_time_scale. For example, to represent a rolling shutter scan interval equal to 0.04 seconds, ssi_time_scale may be equal to 27 000 000 and ssi_num_units_in_rolling_shutter_scan_interval may be equal to 1 080 000.

Modify clause 8.28: NNPF SEI messages
NNPFC aspects related to JVET-AK0324 (yellow highlighting), JVET-AK0073 item 2 (green highlighting), JVET-AK0147 (cyan highlighting), JVET-AL0175-v2 grey highlighting), JVET-AO0118-v2 (fushia highlighting)
8.28.1	Neural-network post-filter characteristics SEI message
8.28.1.1	Neural-network post-filter characteristics SEI message syntax
	[bookmark: _Hlk183172385]nn_post_filter_characteristics( payloadSize ) {
	Descriptor

		…
	

			if( TemporalExtrapolationFlag ) {
	

				nnpfc_extrapolated_pics_minus1
	ue(v)

	[bookmark: OLE_LINK10]			nnpfc_num_alt_instances_minus1
	ue(v)

				if( nnpfc_num_alt_instances_minus1 > 0 )
	

					nnpfc_mult_inferences_flag
	u(1)

			}
	

			if( ToneMappingFlag ) {
	

				nnpfc_tm_tcv_primaries_present_flag
	u(1)

				if( nnpfc_tm_tcv_primaries_present_flag ) {
	

					for( c=0; c < 3; c++ ) {
	

						nnpfc_tm_tcv_primaries_x[ c ]
	u(16)

						nnpfc_tm_tcv_primaries_y[ c ]
	u(16)

					}
	

				}
	

				nnpfc_tm_tcv_white_point_present_flag
	u(1)

				if( nnpfc_tm_tcv_white_point_present_flag ) {
	

					nnpfc_tm_tcv_white_point_x
	u(16)

					nnpfc_tm_tcv_white_point_y
	u(16)

				}
	

				nnpfc_tm_tcv_max_luminance_present_flag
	u(1)

				if( nnpfc_tm_tcv_max_luminance_present_flag )
	

					nnpfc_tm_tcv_max_luminance
	u(32)

				nnpfc_tm_tcv_min_luminance_present_flag
	u(1)

				if( nnpfc_tm_tcv_min_luminance_present_flag )
	

					nnpfc_tm_tcv_min_luminance
	u(32)

				nnpfc_tm_tcv_avg_luminance_present_flag
	u(1)

				if( nnpfc_tm_tcv_avg_luminance_present_flag )
	

					nnpfc_tm_tcv_avg_luminance
	u(32)

				nnpfc_tm_tdcv_present_flag
	u(1)

				if( nnpfc_tm_tdcv_present_flag ) {
	

					for( c=0; c < 3; c++ ) {
	

						nnpfc_tm_tdcv_primaries_x[ c ]
	u(16)

						nnpfc_tm_tdcv_primaries_y[ c ]
	u(16)

					}
	

					nnpfc_tm_tdcv_white_point_x
	u(16)

					nnpfc_tm_tdcv_white_point_y
	u(16)

					nnpfc_tm_tdcv_max_luminance
	u(32)

					nnpfc_tm_tdcv_min_luminance
	u(32)

				}
	

				nnpfc_tm_adaptation_information_present_flag
	u(1)

				if( nnpfc_tm_adaptation_information_present_flag ) {
	

	[bookmark: _Hlk220331869]				nnpfc_ratio_luminance_value
	u(8)

					if( nnpf_ratio_luminanace_value > 0 )
	

	[bookmark: _Hlk220331874]					nnpfc_ratio_luminance_sign_flag
	u(1)

					nnpfc_display_model
	u(4)

	[bookmark: _Hlk223532241]			}
	

			}
	

			if( SpatialExtrapolationFlag ) {
	

				nnpfc_spatial_extrapolation_left_offset
	se(v)

				nnpfc_spatial_extrapolation_right_offset
	se(v)

				nnpfc_spatial_extrapolation_top_offset
	se(v)

				nnpfc_spatial_extrapolation_bottom_offset
	se(v)

	[bookmark: _Hlk174368394]		}
	

			nnpfc_component_last_flag
	u(1)

			nnpfc_inp_format_idc
	ue(v)

			nnpfc_auxiliary_inp_idc
	ue(v)

			if( ( nnpfc_auxiliary_inp_idc & 2 ) > 0 ) {
	

				nnpfc_inband_prompt_flag
	u(1)

				if( nnpfc_inband_prompt_flag ) {
	

					while( !byte_aligned( ) )
	

						nnpfc_alignment_zero_bit_c
	u(1)

					for( i = 0; i < NnpfNumInferences; i++ )
	

						nnpfc_prompt[ i ]
	st(v)

				}
	

			}
	

		…
	


8.28.1.2	Neural-network post-filter characteristics SEI message syntax
nnpfc_purpose indicates the purpose of the NNPF as specified in Table 20, where ( nnpfc_purpose & bitMask ) not equal to 0 indicates that the NNPF has the purpose associated with the bitMask value in Table 20. When nnpfc_purpose is greater than 0 and ( nnpfc_purpose & bitMask ) is equal to 0, the purpose associated with the bitMask value is not applicable to the NNPF. When nnpfc_purpose is equal to 0, the NNPF may be used as determined by the application and as specified by the nnpfc_application_purpose_tag_uri.
All NNPFC SEI messages with a particular value of nnpfc_id within a CLVS shall have the same value of nnpfc_purpose.
The value of nnpfc_purpose shall be in the range of 0 to 1023, inclusive, in bitstreams conforming to this version of this Specification. Values of 1024 to 65 535, inclusive, for nnpfc_purpose are reserved for future use by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders conforming to this version of this Specification shall ignore NNPFC SEI messages with nnpfc_purpose in the range of 1024 to 65 535, inclusive.
[bookmark: _Ref140274842]Table 20 – Definition of nnpfc_purpose
	bitMask
	Interpretation

	0x01
	General visual quality improvement

	0x02
	Chroma upsampling (from the 4:2:0 chroma format to the 4:2:2 or 4:4:4 chroma format, or from the 4:2:2 chroma format to the 4:4:4 chroma format)

	0x04
	Resolution resampling (increasing or decreasing the width or height)

	0x08
	Picture rate upsampling

	0x10
	Bit depth upsampling (increasing the luma bit depth or the chroma bit depth)

	0x20
	Colourization

	0x40
	Temporal extrapolation (i.e., generating one or more future pictures)

	0x80
	Spatial extrapolation (i.e., generating content outside of the spatial area of the input pictures), possibly also with removal (i.e. remove partial content from the input pictures)

	0x100
	Tone mapping (i.e., modification of the colour samples values, in terms of contrast, colour, saturation, luminance)

	0x200
	Demosaicing (i.e., reconstruction of a full colour image from the incomplete colour samples output from an image sensor overlaid with a colour filter array).



The variables ChromaUpsamplingFlag, ResolutionResamplingFlag, PictureRateUpsamplingFlag, BitDepthUpsamplingFlag, ColourizationFlag, TemporalExtrapolationFlag, and SpatialExtrapolationFlag,  ToneMappingFlag, and DemosaicingFlag specifying whether nnpfc_purpose indicates the purpose of the NNPF to include chroma upsampling, resolution resampling, picture rate upsampling, bit depth upsampling, colourization, and temporal extrapolation, respectively, are derived as follows:
ChromaUpsamplingFlag = ( ( nnpfc_purpose & 0x02 ) > 0 ) ? 1 : 0
ResolutionResamplingFlag = ( ( nnpfc_purpose & 0x04 ) > 0 ) ? 1 : 0
PictureRateUpsamplingFlag = ( ( nnpfc_purpose & 0x08 ) > 0 ) ? 1 : 0	(75)
BitDepthUpsamplingFlag = ( ( nnpfc_purpose & 0x10 ) > 0 ) ? 1 : 0
ColourizationFlag = ( ( nnpfc_purpose & 0x20 ) > 0 ) ? 1 : 0
TemporalExtrapolationFlag = ( ( nnpfc_purpose & 0x40 ) > 0 ) ? 1 : 0
SpatialExtrapolationFlag = ( ( nnpfc_purpose & 0x80 ) > 0 ) ? 1 : 0
ToneMappingFlag = ( ( nnpfc_purpose & 0x100 ) > 0 ) ? 1 : 0
DemosaicingFlag = ( ( nnpfc_purpose & 0x200 ) > 0 ) ? 1 : 0
nnpfc_extrapolated_pics_minus1 plus 1 specifies the number of extrapolated pictures generated by the NNPF subsequent to all input pictures for the NNPF in output order. The value of nnpfc_extrapolated_pics_minus1 shall be in the range of 0 to 62, inclusive.
The variables NumInpPicsInOutputTensor, specifying the number of pictures that have a corresponding input picture and are present in the output tensor of the NNPF, InpIdx[ idx ], specifying the input picture index, to the list of input pictures in reverse output order, of the idx-th picture that is present in the output tensor of the NNPF and has a corresponding input picture, and numPicsInOutputTensor, specifying the total number of pictures present in the output tensor of the NNPF, are derived as follows:
for( i = 0, numPicsInOutputTensor = 0; i < numInputPics; i++ )
	if( nnpfc_input_pic_filtering_flag[ i ] ) {
		InpIdx[ numPicsInOutputTensor ] = i
		numPicsInOutputTensor++
	}						(79)
NumInpPicsInOutputTensor = numPicsInOutputTensor
if( PictureRateUpsamplingFlag )
	for( i = 0; i  <=  numInputPics − 2; i++ )
		numPicsInOutputTensor  +=  nnpfc_interpolated_pics[ i ]
if( TemporalExtrapolationFlag )
	numPicsInOutputTensor  +=  nnpfc_extrapolated_pics + 1
[bookmark: _Hlk186743323]nnpfc_num_alt_instances_minus1 plus 1 indicates the number of alternative temporal extrapolation picture versions generated by the NNPF process. When not present, nnpfc_num_alt_instances_minus1 is inferred to be equal to 0.
[bookmark: _Hlk186887104]nnpfc_mult_inferences_flag equal to 1 specifies that the count of times the process NnpfInferenceProcess is invoked is equal to nnpfa_num_inferences_minus1 + 1, when nnpfa_num_inferences_minus1 is present in the latest NNPFA SEI message activating the NNPF defined by this NNPFC SEI message, or is equal to nnpfc_num _num_alt_instances_minus1 + 1 otherwise and the number of alternative temporal extrapolation versions in each output tensor is equal to 1. nnpfc_mult_inferences_flag equal to 0 specifies that the count of times the process NnpfInferenceProcess is invoked is equal to 1 and the number of alternative temporal extrapolation versions in each output tensor is equal to nnpfc_num_alt_instances_minus1 + 1. When not present, nnpfc_mult_inferences_flag is inferred to be equal to 0.
The variable numTemporalExtrapolations, specifying the number of alternative temporal extrapolation picture versions present in the output tensor of the NNPF is derived as follows:
numTemporalExtrapolations = nnpfc_mult_inferences_flag ?
									1 : nnpfc_num_alt_instances_minus1 + 1
The variable NnpfNumInferences, specifying the count of times the process NnpfInferenceProcess is invoked, is derived as follows:
–	If nnpfc_mult_inferences_flag is equal to 0, NnpfNumInferences is set equal to 1.
–	Otherwise, if nnpfa_num_inferences_minus1 is present in the latest NNPFA SEI message activating the NNPF defined by this NNPFC SEI message, NnpfNumInferences is set equal to nnpfa_num_inferences_minus1 + 1.
–	Otherwise, NnpfNumInferences is set equal to nnpfc_num_alt_instances_minus1 + 1.
nnpfc_tm_tcv_primaries_present_flag equal to 1 specifies that the syntax elements nnpfc_tm_tcv_primaries_x[ c ] and nnpfc_tm_tcv_primaries_y[ c ] are present. nnpfc_tm_tcv_primaries_present_flag equal to 0 specifies that the syntax elements nnpfc_tm_tcv_primaries_x[ c ] and nnpfc_tm_tcv_primaries_y[ c ] are not present.
nnpfc_tm_tcv_primaries_x[ c ] specifies the normalized x chromaticity coordinate of the colour primary component c of the maximal target colour volume after application of the NNPF, according to the CIE 1931 definition of x as specified in ISO/CIE 11664-1 (see also ISO/CIE 11664-3 and CIE 15), in normalized increments of 0.00002. For describing target colour volumes that use red, green, and blue colour primaries, it is suggested that index value c equal to 0 should correspond to the green primary, c equal to 1 should correspond to the blue primary, and c equal to 2 should correspond to the red colour primary specified in the VUI parameters.
nnpfc_tm_tcv_primaries_y[ c ] specifies the normalized y chromaticity coordinate of the colour primary component c of the maximal target colour volume after application of the NNPF, according to the CIE 1931 definition of as specified in ISO/CIE 11664-1 (see also ISO/CIE 11664-3 and CIE 15), in normalized increments of 0.00002. For describing target colour volumes that use red, green, and blue colour primaries, it is suggested that index value c equal to 0 should correspond to the green primary, c equal to 1 should correspond to the blue primary, and c equal to 2 should correspond to the red colour primary specified in the VUI parameters.
The values of nnpfc_tm_tcv_primaries_x[ c ] and nnpfc_tm_tcv_primaries_y[ c ] shall be in the range of −5 000 000 to 5 000 000, inclusive.
When nnpfc_tm_tcv_primaries_x[ c ] and nnpfc_tm_tcv_primaries_y[ c ] are not present, they are inferred to be equal to the normalized x and y chromaticity coordinates, respectively, specified by vui_colour_primaries.

nnpfc_tm_tcv_white_point_present_flag equal to 1 specifies that the syntax elements nnpfc_tm_tcv_white_point_x and nnpfc_tm_tcv_white_point_y are present. nnpfc_tm_tcv_white_point_present_flag equal to 0 specifies that the syntax elements nnpfc_tm_tcv_white_point_x and nnpfc_tm_tcv_white_point_y are not present.
nnpfc_tm_tcv_white_point_x, when in the range of 5 to 37 000, inclusive, specifies the normalized x chromaticity coordinate of the white point of the maximal target colour volume after application of the NNPF, according to the CIE 1931 definition of x as specified in ISO/CIE 11664-1 (see also ISO/CIE 11664-3 and CIE 15), in normalized increments of 0.00002. When nnpfc_tm_tcv_white_point_x is not in the range of 5 to 37 000, inclusive, the normalized x chromaticity coordinate of the white point of the maximal colour volume resulting from the tone mapped operation is indicated to be unknown or unspecified or specified by other means not specified in this document.
nnpfc_tm_tcv_white_point_y, when in the range of 5 to 42 000, inclusive, specifies the normalized y chromaticity coordinate of the white point of the maximal target colour volume after application of the NNPF, according to the CIE 1931 definition of y as specified in ISO/CIE 11664-1 (see also ISO/CIE 11664-3 and CIE 15), in normalized increments of 0.00002. When nnpfc_tm_tcv_white_point_y is not in the range of 5 to 42 000, inclusive, the normalized y chromaticity coordinate of the white point of the maximal colour volume resulting from the tone mapped operation is indicated to be unknown or unspecified or specified by other means not specified in this document.
NOTE 5 – An example of the use of values outside the range for which semantics are specified in this document is that ANSI/CTA 861-G uses normalized (x, y) chromaticity coordinate values of (0,0) for the white point to indicate that the white point chromaticity is unknown.

nnpfc_tm_tcv_max_luminance_present_flag equal to 1 specifies that the syntax element nnpfc_tm_tcv_max_luminance is present. nnpfc_tm_tcv_max_luminance_present_flag equal to 0 specifies that the syntax element nnpfc_tm_tcv_max_luminance is not present.
nnpfc_tm_tcv_max_luminance specifies the maximum luminance value, according to CIE 1931, that is expected to be present in the content processed by NNPF, where values are normalized to Lo or Lc as specified in the VUI parameters according to the transfer characteristics of the signal. The values of nnpfc_tm_tcv_max_luminance are in normalized increments of 0.0000001.

nnpfc_tm_tcv_min_luminance_present_flag equal to 1 specifies that the syntax element nnpfc_tm_tcv_min_luminance is present. nnpfc_tm_tcv_min_luminance_present_flag equal to 0 specifies that the syntax element nnpfc_tm_tcv_min_luminance is not present.
nnpfc_tm_tcv_min_luminance specifies the normalized minimum luminance value, according to CIE 1931, that is expected to be present in the content processed by the NNPF, where values are normalized to Lo or Lc as specified in the VUI parameters according to the indicated transfer characteristics of the signal. The values of nnpfc_tm_tcv_min_luminance_value are in normalized increments of 0.0000001.

nnpfc_tm_tcv_avg_luminance_present_flag equal to 1 specifies that the syntax element nnpfc_tm_tcv_avg_luminance is present. nnpfc_tm_tcv_avg_luminance_present_flag equal to 0 specifies that the syntax element nnpfc_tm_tcv_avg_luminance is not present.
nnpfc_tm_tcv_avg_luminance specifies the average luminance value, according to CIE 1931, that is expected to be present in the content processed by the NNPF, where values are normalized to Lo or Lc as specified in the VUI parameters according to the transfer characteristics of the signal. The values of nnpfc_tm_tcv_avg_luminance are in normalized increments of 0.0000001.
NOTE 6 – The resulting domain from this conversion process might or might not represent light in a source or display domain – it is merely a gamut representation domain rather than necessarily being a representation of actual light in either the scene or display domain. Therefore, the values corresponding to nnpfc_tm_tcv_min_luminance, nnpfc_tm_tcv_max_luminance, and nnpfc_tm_tcv_avg_luminance might not necessarily correspond to a true luminance value.
It is a requirement of bitstream conformance that the values of nnpfc_tm_tcv_primaries_present_flag, nnpfc_tm_tcv_white_point_present_flag, nnpfc_tm_tcv_min_luminance_present_flag, nnpfc_tm_tcv_max_luminance_present_flag, and nnpfc_tm_tcv_avg_luminance_present_flag shall not all be equal to 0.
The value of nnpfc_tm_tcv_min_luminance, when present, shall be less than or equal to nnpfc_tm_tcv_avg_luminance, when present. The value of nnpfc_tm_tcv_avg_luminance, when present, shall be less than or equal to nnpfc_tm_tcv_max_luminance, when present. The value of nnpfc_tm_tcv_min_luminance, when present, shall be less than or equal to nnpfc_tm_tcv_max_luminance, when present.
When the visually relevant region does not correspond to the entire cropped post-processed picture, such as for "letterbox" encoding of video content with a wide picture aspect ratio within a taller cropped post-processed picture, the indicated nnpfc_tm_tcv_min_luminance, nnpfc_tm_tcv_max_luminance, and nnpfc_tm_tcv_avg_luminance should correspond only to values within the visually relevant region.
The target display’s colour volume for the video content processed by the neural network post-filter for tone mapping corresponds to the colour volume of a display that is intended for viewing the video content. The described target display is a three-colour additive display system that has been configured to use the indicated target display colour volume. The metadata related to the target display colour volume do not identify the measurement methodologies and procedures used for determining the indicated values or provide any description of the viewing environment. It also does not provide information on colour transformations that would be appropriate to preserve creative intent on displays with colour volumes different from that of the described target display.

nnpfc_tm_tdcv_present_flag equal to 1 specifies that the syntax elements nnpfc_tm_tdcv_primaries_x[ c ], nnpfc_tm_tdcv_primaries_y[ c ], nnpfc_tm_tdcv_white_point_x, nnpfc_tm_tdcv_white_point_y, nnpfc_tm_tdcv_max_luminance and nnpfc_tm_tdcv_min_luminance are present. nnpfc_tm_tdcv_primaries_present_flag equal to 0 specifies that the syntax elements nnpfc_tm_tdcv_primaries_x[ c ], nnpfc_tm_tdcv_primaries_y[ c ], nnpfc_tm_tdcv_white_point_x, nnpfc_tm_tdcv_white_point_y, nnpfc_tm_tdcv_max_luminance and nnpfc_tm_tdcv_min_luminance  are not present.

nnpfc_tm_tdcv_display_primaries_x[ c ], when in the range of 5 to 37 000, inclusive, specifies the normalized x chromaticity coordinate of the colour primary component c of the target display, according to the CIE 1931 definition of x as specified in ISO/CIE 11664-1 (see also ISO/CIE 11664-3 and CIE 15), in increments of 0.00002. When nnpfc_tm_tdcv_display_primaries_x[ c ] is not in the range of 5 to 37 000, inclusive, the normalized x chromaticity coordinate of the colour primary component c of the target display is unknown or unspecified or specified by other means not specified in this document.
nnpfc_tm_tdcv_display_primaries_y[ c ], when in the range of 5 to 42 000, inclusive, specifies the normalized y chromaticity coordinate of the colour primary component c of the target display, according to the CIE 1931 definition of y as specified in ISO/CIE 11664-1 (see also ISO/CIE 11664-3 and CIE 15), in increments of 0.00002. When nnpfc_tm_tdcv_display_primaries_y[ c ] is not in the range of 5 to 42 000, inclusive, the normalized y chromaticity coordinate of the colour primary component c of the target display is unknown or unspecified or specified by other means not specified in this document.
For describing target displays that use red, green, and blue colour primaries, it is suggested that index value c equal to 0 should correspond to the green primary, c equal to 1 should correspond to the blue primary, and c equal to 2 should correspond to the red colour primary specified in the VUI parameters.

nnpfc_tm_tdcv_white_point_x, when in the range of 5 to 37 000, inclusive, specifies the normalized x chromaticity coordinate of the white point of the target display, according to the CIE 1931 definition of x as specified in ISO/CIE 11664-1 (see also ISO/CIE 11664-3 and CIE 15), in normalized increments of 0.00002. When nnpfc_tm_tdcv_white_point_x is not in the range of 5 to 37 000, inclusive, the normalized x chromaticity coordinate of the white point of the target display is indicated to be unknown or unspecified or specified by other means not specified in this document.
nnpfc_tm_tdcv_white_point_y, when in the range of 5 to 42 000, inclusive, specifies the normalized y chromaticity coordinate of the white point of the target display, according to the CIE 1931 definition of y as specified in ISO/CIE 11664-1 (see also ISO/CIE 11664-3 and CIE 15), in normalized increments of 0.00002. When nnpfc_tm_tdcv_white_point_y is not in the range of 5 to 42 000, inclusive, the normalized y chromaticity coordinate of the white point of the target display is indicated to be unknown or unspecified or specified by other means not specified in this document.
NOTE 7	SMPTE ST 2086 specifies that the normalized x and y chromaticity coordinate values for the target display colour primaries and white point are to be represented with four decimal places. This would correspond with using values of the syntax elements nnpfc_tm_tdcv_display_primaries_x[ c ], nnpfc_tm_tdcv_display_primaries_y[ c ], nnpfc_tm_tdcv_white_point_x, and nnpfc_tm_tdcv_white_point_y, as defined in this document, that are multiples of 5.
NOTE 8	An example of the use of values outside the range for which semantics are specified in this document is that ANSI/CTA 861-G uses normalized (x, y) chromaticity coordinate values of (0,0) for the white point to indicate that the white point chromaticity is unknown.

nnpfc_tm_tdcv_max_luminance, when in the range of 50 000 to 100 000 000, inclusive, specifies the nominal maximum display luminance of the target display in units of 0.0001 candelas per square metre. When nnpfc_tm_tdcv_max_luminance is not in the range of 50 000 to 100 000 000, inclusive, the nominal maximum display luminance of the target display is specified to be unknown or unspecified or specified by other means not specified in this document.
NOTE 9	SMPTE ST 2086 specifies that the nominal maximum display luminance of the target display is to be specified as a multiple of 1 candela per square metre. This would correspond with using values of the syntax element nnpfc_tm_tdcv_max_luminance, as defined in this document, that are a multiple of 10 000.
NOTE 10	An example of the use of values outside the range for which semantics are specified in this document is that ANSI/CTA 861-G uses the value 0 for the nominal maximum display luminance of the target display to indicate that the nominal maximum display luminance of the target display is unknown.

nnpfc_tm_tdcv_min_luminance, when in the range of 1 to 50 000, inclusive, specifies the nominal minimum display luminance of the target display in units of 0.0001 candelas per square metre. When nnpfc_tm_tdcv_min_luminance is not in the range of 1 to 50 000, inclusive, the nominal maximum display luminance of the target display is unknown or unspecified or specified by other means not specified in this document. When nnpfc_tm_tdcv_max_luminance is equal to 50 000, nnpfc_tm_tdcv_min_luminance shall not be equal to 50 000.
NOTE 11	SMPTE ST 2086 specifies that the nominal minimum display luminance of the target display is to be specified as a multiple of 0.0001 candelas per square metre, which corresponds to the semantics specified in this document.
NOTE 12	An example of the use of values outside the range for which semantics are specified in this document is that ANSI/CTA 861-G uses the value 0 for the nominal minimum display luminance of the target display to indicate that the nominal minimum display luminance of the target display is unknown.
NOTE 13	Another example of the potential use of values outside the range for which semantics are specified in this document is that SMPTE ST 2086 indicates that values outside the specified range could be used to indicate that the black level and contrast of the target display have been adjusted using picture line-up generation equipment (PLUGE).
At the minimum luminance, the target display is considered to have the same nominal chromaticity as the white point.
nnpfc_tm_adaptation_information_present_flag equal to 1 specifies that the syntax elements nnpfnnpfc_ratio_luminance_value, nnpfnnpfc_ratio_luminance_sign_flag, nnpfc_display_model are present. nnpfc_tm_adaptation_information_present_flag equal to 0 specifies that the syntax nnpfnnpfc_ratio_luminance_value, nnpfnnpfc_ratio_luminance_sign_flag, nnpfc_display_model are not present.
nnpfc_ratio_luminance_value specifies the expected percentage of luminance adaptation through luminance decrease or increase (accordingly with the value of the nnpfc_ratio_luminance_sign_flag field) that the Tone Mapping post-filter should achieve.
[bookmark: _Hlk220331940]nnpfc_ratio_luminance_sign_flag specifies if the value of nnpfc_ratio_luminance_value should be considered as negative or positive. If nnpfc_ratio_luminance_sign_flag equals 0, the use of the NNPF results in an increase of content luminance. If nnpfc_ratio_luminance_sign_flag equals 1, the use of the NNPF results in a decrease in terms of content luminance. When not present nnpfc_ratio_luminance_sign_flag is inferred to be equal to 0.
The percentage of luminance adaptation is to be considered relatively to the average luminance of the pictures for which this SEI message persists before applying the NNPF Tone Mapping. The percentage lumRatio is computed using the following equation:
lumaRatio = nnpfc_ratio_luminance_value / 100		(xx)
The expected average luminance lumNew after application of the NNPF Tone Mapping may be derived as 
lumNew = ( 1 − ratioSign * lumRatio ) * lumOld		(xx)
where lumOld is the average luminance of the pictures for which this SEI message persists before applying the NNPF, and ratioSign is equal to ( 1 − 2 * nnpfc_ratio_luminance_sign_flag ).
nnpfc_display_model is a bit field mask which indicates the recommended display technologies on which the tone mapping neural network post filter for brightness adaptation may be used.

Table 21: Definition of nnpfc_display_model
	bitMask
	Interpretation

	0x01
	Transmissive pixel technology

	0x02
	Emissive pixel technology


…
[bookmark: _Hlk185264026]nnpfc_prompt[ i ] specifies the text string prompt used as input for an NNPF, for example for generating the contents of the spatial or temporal extrapolation image area. When nnpfc_prompt[ i ] is present, nnpfc_prompt[ i ] shall not be a null string.
[Ed. nnpfcPrompt derivation moved down.]
…
[bookmark: _Hlk185264388]The following example process NnpfInferenceProcess may be used, with the NNPF PostProcessingFilter( ), for each value of infIdx in the range of 0 to NnpfNumInferences − 1, inclusive, to generate, in a patch-wise manner, the filtered and/or interpolated picture(s), which contain Y, Cb, and Cr sample arrays FilteredYPic[ infIdx ], FilteredCbPic[ infIdx ], and FilteredCrPic[ infIdx ], respectively, as indicated by nnpfc_out_order_idc:
[bookmark: _Hlk185264374]–	The variable nnpfcPrompt, specifying the text prompt string to be provided in the input tensor for a particular picture picA for which the NNPF is activated, is derived as follows:
–	If nnpfc_inband_prompt_flag is equal to 1 and nnpfa_prompt_update_flag[ infIdx ] is equal to 1, nnpfcPrompt is set equal to nnpfa_prompt[ infIdx ].
–	Otherwise, if nnpfc_inband_prompt_flag is equal to 1 and nnpfa_prompt_update_flag[ infIdx ] is equal to 0, nnpfcPrompt is set equal to nnpfc_prompt[ infIdx ].
–	Otherwise, if nnpfc_inband_prompt_flag is equal to 0 and a text prompt string is provided by external means, nnpfcPrompt is set equal to that text prompt string.
–	Otherwise (nnpfc_inband_prompt_flag is equal to 0 and no text prompt string is provided by external means), nnpfcPrompt is set equal to a null string.
…
–	The filtered and/or interpolated picture(s), which contain Y, Cb, and Cr sample arrays FilteredYPic[ infIdx ], FilteredCbPic[ infIdx ], and FilteredCrPic[ infIdx ] are derived as follows.
… // equation 98 with update to invoke StoreOutputTensors( outputTensor, FilteredYPic[ infIdx ], FilteredCbPic[ infIdx ], and FilteredCrPic[ infIdx ] )
…
The process StoreOutputTensors( outputTensor, FilteredYPic[ infIdx ], FilteredCbPic[ infIdx ], FilteredCrPic[ infIdx ] ), for deriving sample values in the sample arrays FilteredYPic[ infIdx ], FilteredCbPic[ infIdx ], and FilteredCrPic[ infIdx ], for the NNPF-generated pictures, from the output tensor outputTensor for a given vertical sample coordinate cTop and a horizontal sample coordinate cLeft specifying the top-left sample location for the patch of samples included in the input tensor, is specified as follows:
[bookmark: _Hlk184910471][bookmark: _Hlk186728273][bookmark: _Hlk186728263]for( i = 0; i < numPicsInOutputTensor; i++ ) {
	if( nnpfc_out_order_idc  = =  0 ) 
		for( j = 0; j < numTemporalExtrapolations; j++ )
			for( yP = 0; yP < outPatchHeight; yP++ )
				for( xP = 0; xP < outPatchWidth; xP++ ) {
					yY = cTop * outPatchHeight / inpPatchHeight + yP
					xY = cLeft * outPatchWidth / inpPatchWidth + xP					xY += j * nnpfcOutputPicWidth
					xP1 = xP + j * outPatchWidth
					if( yY < nnpfcOutputPicHeight  &&  xY < nnpfcOutputPicWidth )
						if( !nnpfc_component_last_flag )
							FilteredYPic[ i ][ xY ][yY ] = outputTensor[ 0 ][ i ][ 0 ][ yP ][ xP1 ]
						else
							FilteredYPic[ i ][ xY ][ yY ] = outputTensor[ 0 ][ i ][ yP ][ xP1 ][ 0 ]				}
	else if( nnpfc_out_order_idc  = =  1 )			(97)
		for( j = 0; j < numTemporalExtrapolations; j++ )
			for( yP = 0; yP < outPatchCHeight; yP++ )
				for( xP = 0; xP < outPatchCWidth; xP++ ) {
					xSrc = cLeft * horCScaling + xP
					ySrc = cTop * verCScaling + yP							xSrc += j * nnpfcOutputPicWidth / outSubWidthC
					xP1 = xP + j * outPatchCWidth
					if( ySrc < nnpfcOutputPicHeight / outSubHeightC  &&
						xSrc < nnpfcOutputPicWidth / outSubWidthC )
					if( !nnpfc_component_last_flag ) {
						FilteredCbPic[ i ][ xSrc ][ ySrc ] = outputTensor[ 0 ][ i ][ 0 ][ yP ][ xP1 ]
						FilteredCrPic[ i ][ xSrc ][ ySrc ] = outputTensor[ 0 ][ i ][ 1 ][ yP ][ xP1 ]
					} else {
						FilteredCbPic[ i ][ xSrc ][ ySrc ] = outputTensor[ 0 ][ i ][ yP ][ xP1 ][ 0 ]
						FilteredCrPic[ i ][ xSrc ][ ySrc ] = outputTensor[ 0 ][ i ][ yP ][ xP1 ][ 1 ]
					}
				}
	else if( nnpfc_out_order_idc  = =  2 ) 
		for( j = 0; j < numTemporalExtrapolations; j++ )
			for( yP = 0; yP < outPatchHeight; yP++ )
				for( xP = 0; xP < outPatchWidth; xP++ ) {
					yY = cTop * outPatchHeight / inpPatchHeight + yP
					xY = cLeft * outPatchWidth / inpPatchWidth + xP
					yC = yY / outSubHeightC 
					xC = xY / outSubWidthC 
					yPc = ( yP / outSubHeightC ) * outSubHeightC
					xPc = ( xP / outSubWidthC ) * outSubWidthC					xY += j * nnpfcOutputPicWidth
					xC += j * nnpfcOutputPicWidth / outSubWidthC
					xP1 = xP + j * outPatchWidth
					xPc1 = xPc + j * outPatchWidth / outSubWidthC
					if( yY < nnpfcOutputPicHeight  &&  xY < nnpfcOutputPicWidth )
						if( !nnpfc_component_last_flag ) {
							FilteredYPic[ i ][ xY ][ yY ] = outputTensor[ 0 ][ i ][ 0 ][ yP ][ xP1 ]
							FilteredCbPic[ i ][ xC ][ yC ] = outputTensor[ 0 ][ i ][ 1 ][ yPc ][ xPc1 ]
							FilteredCrPic[ i ][ xC ][ yC ] = outputTensor[ 0 ][ i ][ 2 ][ yPc ][ xPc1 ]
						} else {
							FilteredYPic[ i ][ xY ][ yY ] = outputTensor[ 0 ][ i ][ yP ][ xP1 ][ 0 ]
							FilteredCbPic[ i ][ xC ][ yC ] = outputTensor[ 0 ][ i ][ yPc ][ xPc1 ][ 1 ]
							FilteredCrPic[ i ][ xC ][ yC ] = outputTensor[ 0 ][ i ][ yPc ][ xPc1 ][ 2 ]
						}
				}
	else if( nnpfc_out_order_idc  = =  3 ) 
		for( j = 0; j < numTemporalExtrapolations; j++ )
			for( yP = 0; yP < outPatchHeight; yP++ )
				for( xP = 0; xP < outPatchWidth; xP++ ) {
					ySrc = cTop / 2 * outPatchHeight / inpPatchHeight + yP
					xSrc = cLeft / 2 * outPatchWidth / inpPatchWidth + xP					xSrc += j * nnpfcOutputPicWidth
					xP1 = xP + j * outPatchWidth
					if( ySrc < nnpfcOutputPicHeight / 2  &&
							xSrc < nnpfcOutputPicWidth / 2 )
						if( !nnpfc_component_last_flag ) {
							FilteredYPic[ i ][ xSrc * 2 ][ ySrc * 2 ] = outputTensor[ 0 ][ i ][ 0 ][ yP ][ xP1 ]
							FilteredYPic[ i ][ xSrc * 2 + 1 ][ ySrc * 2 ] = outputTensor[ 0 ][ i ][ 1 ][ yP ][ xP1 ]
							FilteredYPic[ i ][ xSrc * 2 ][ ySrc * 2 + 1 ] = outputTensor[ 0 ][ i ][ 2 ][ yP ][ xP1 ]
							FilteredYPic[ i ][ xSrc * 2 + 1][ ySrc * 2 + 1 ] = outputTensor[ 0 ][ i ][ 3 ][ yP ][ xP1 ]
							FilteredCbPic[ i ][ xSrc ][ ySrc ] = outputTensor[ 0 ][ i ][ 4 ][ yP ][ xP1 ]
							FilteredCrPic[ i ][ xSrc ][ ySrc ] = outputTensor[ 0 ][ i ][ 5 ][ yP ][ xP1 ]
						} else {
							FilteredYPic[ i ][ xSrc * 2 ][ ySrc * 2 ] = outputTensor[ 0 ][ i ][ yP ][ xP1 ][ 0 ]
							FilteredYPic[ i ][ xSrc * 2 + 1 ][ ySrc * 2 ] = outputTensor[ 0 ][ i ][ yP ][ xP1 ][ 1 ]
							FilteredYPic[ i ][ xSrc * 2 ][ ySrc * 2 + 1 ] = outputTensor[ 0 ][ i ][ yP ][ xP1 ][ 2 ]
							FilteredYPic[ i ][ xSrc * 2 + 1][ ySrc * 2 + 1 ] = outputTensor[ 0 ][ i ][ yP ][ xP1 ][ 3 ]
							FilteredCbPic[ i ][ xSrc ][ ySrc ] = outputTensor[ 0 ][ i ][ yP ][ xP1 ][ 4 ]
							FilteredCrPic[ i ][ xSrc ][ ySrc ] = outputTensor[ 0 ][ i ][ yP ][ xP1 ][ 5 ]
						}
				}
}
[bookmark: _Hlk186809484]When numTemporalExtrapolations is greater than 1, the process AccessOutputVersion( ), for deriving sample values in the sample arrays FilteredYSubpic, FilteredCbSubpic, and FilteredCrSubpic, for a temporal extrapolation picture version of index subpicIdx in the range 0 .. nnpfc_num_alt_instances_minus1, inclusive, from the sample arrays FilteredYPic, FilteredCbPic, and FilteredCrPic, is specified as follows:
for( i = 0; i < numTemporalExtrapolations; i++ ) {
	if( nnpfc_out_order_idc = = 0 | | nnpfc_out_order_idc = = 2 | | nnpfc_out_order_idc = = 3 )
		for( y = 0; y < nnpfcOutputPicHeight; y++ )
			for( x = 0; x < nnpfcOutputPicWidth; x++ ) {
				FilteredYSubpic[ i ][ x ][ y ] = FilteredYPic[ 0 ][ i ][ x + subpicIdx * nnpfcOutputPicWidth ][ y ]
			}
	else if( nnpfc_out_order_idc = = 1 | | nnpfc_out_order_idc = = 2 | | nnpfc_out_order_idc = = 3 )
		for( y = 0; y < nnpfcOutputPicHeight / outSubHeightC; y++ )
			for( x = 0; x < nnpfcOutputPicWidth / outSubWidthC; x++ ) {
				FilteredCbSubpic[ i ][ x ][ y ] = 
					FilteredCbPic[ 0 ][ i ][ x + subpicIdx * nnpfcOutputPicWidth / outSubWidthC ][ y ]
				FilteredCrSubpic[ i ][ x ][ y ] = 
					FilteredCrPic[ 0 ][ i ][ x + subpicIdx * nnpfcOutputPicWidth / outSubWidthC ][ y ]
			}
}
When numTemporalExtrapolations is greater than 1, the value of subpicIdx is provided by external means not specified in this document.
If numTemporalExtrapolations is equal to 1, the following applies:
–	The value of SelInfIdx is derived as follows:
–	If NnpfNumInferences is equal to 1, SelInfIdx is set equal to 0. 
–	Otherwise, one and only one value of SelInfIdx in the range of 0 to NnpfNumInferences − 1, inclusive, is selected by external means.
–	An NNPF-generated picture with index i contains sample arrays FilteredYPic[ SelInfIdx ][ i ], FilteredCbPic[ SelInfIdx ][ i ], and FilteredCrPic[ SelInfIdx ][ i ], when present, that are derived by Equation 98. An NNPF-generated picture does not include the overlap regions.
–	The NNPF process consists of the process defined by Equation 98 followed by outputting NNPF-generated pictures with sample arrays FilteredYPic[ SelInfIdx ][ i ], FilteredCbPic[ SelInfIdx ][ i ], and FilteredCrPic[ SelInfIdx ][ i ] in their increasing index order, where all NNPF-generated pictures that were interpolated by the NNPF are output and those NNPF-generated pictures that correspond to any input pictures to the NNPF are output as specified in the semantics of the NNPFA SEI message.
Otherwise (numTemporalExtrapolations is greater than 1), the following applies:
–	An NNPF-generated picture with index i contains sample arrays FilteredYSubpic[ i ], FilteredCbSubpic[ i ], and FilteredCrSubpic[ i ], when present, that are derived by Equation XX. An NNPF-generated picture does not include the overlap regions.
–	The NNPF process consists of the process defined by Equation 98 followed by the process AccessOutputVersion and outputting NNPF-generated pictures with sample arrays FilteredYSubpic[ i ], FilteredCbSubpic[ i ], and FilteredCrSubpic[ i ] in their increasing index order, where all NNPF-generated pictures that were interpolated by the NNPF are output and those NNPF-generated pictures that correspond to any input pictures to the NNPF are output as specified in the semantics of the NNPFA SEI message.

NNPFA aspects related to JVET-AK0324 (yellow highlighting) and JVET-AK0073 item 2 (green highlighting)
8.28.2	Neural-network post-filter activation SEI message
8.28.2.1	Neural-network post-filter activation SEI message syntax

	nn_post_filter_activation( payloadSize ) {
	Descriptor

		nnpfa_target_id
	ue(v)

		nnpfa_cancel_flag
	u(1)

		if( !nnpfa_cancel_flag ) {
	

			nnpfa_persistence_flag
	u(1)

			nnpfa_target_base_flag
	u(1)

			nnpfa_no_prev_clvs_flag
	u(1)

			if( nnpfa_persistence_flag )
	

				nnpfa_no_foll_clvs_flag
	

			nnpfa_num_output_entries
	ue(v)

			for( i = 0; i < nnpfa_num_output_entries; i++ )
	

				nnpfa_output_flag[ i ]
	u(1)

			if( more_data_in_payload( ) ) {
	

				nnpfa_num_inferences_minus1
	ue(v)

				nnpfa_inband_prompt_flag
	u(1)

				if( nnpfa_inband_prompt_flag ) {
	

					for( i = 0; i  <=  nnpfa_num_inferences_minus1; i++ )
	

						nnpfa_prompt_update_flag[ i ]
	u(1)

				if( nnpfa_prompt_update_flag ) {
	

					while( !byte_aligned( ) )
	

						nnpfa_alignment_zero_bit
	u(1)

					for( i = 0; i  <=  nnpfa_num_inferences_minus1; i++ )
	

						if( nnpfa_prompt_update_flag[ i ] )
	

							nnpfa_prompt[ i ]
	st(v)

				}
	

				nnpfa_num_input_pic_shift
	ue(v)

			}
	

		}
	

	}
	


[bookmark: _Hlk202362486]
8.28.2.2	Neural-network post-filter activation SEI message syntax
nnpfa_num_inferences_minus1 plus 1, when present, specifies the count of times the process NnpfInferenceProcess is invoked per each picture where the NNPF is active as determined by this NNPFA SEI message. When nnpfa_num_inferences_minus1 is present and nnpfc_mult_inferences_flag is equal to 0 in the NNPFC SEI message with nnpfc_id equal to nnpfa_target_id and nnpfc_base_flag equal to 1, nnpfa_num_inferences_minus1 shall be equal to 0. When present, the value of nnpfa_num_inferences_minus1 shall be in the range of 0 to 62, inclusive.
nnpfa_inband_prompt_flag equal to 1 specifies that nnpfa_prompt_update_flag[ i ] syntax elements are present, nnpfa_alignment_zero_bit may be present, and at least one nnpfa_prompt[ i ] syntax element is present. nnpfa_inband_prompt_flag equal to 0 specifies that nnpfa_prompt_update_flag[ i ], nnpfa_alignment_zero_bit, and nnpfa_prompt[ i ] syntax elements are not present. When nnpfc_inband_prompt_flag is equal to 0 in the NNPFC SEI message with nnpfc_id equal to nnpfa_target_id and nnpfc_base_flag equal to 1, nnpfa_inband_prompt_flag shall be equal to 0.
nnpfa_prompt_update_flag[ i ] equal to 1 specifies that nnpfa_prompt[ i ] syntax element is present and nnpfa_alignment_zero_bit syntax element may be present. nnpfa_prompt_update_flag[ i ] equal to 0 specifies that nnpfa_prompt[ i ] syntax element and nnpfa_alignment_zero_bit syntax element are is not present. When not present, the value of nnpfa_prompt_update_flag[ i ] is inferred to be equal to 0. When nnpfa_inband_prompt_flag is equal to 1, at least one value of nnpfa_prompt_update_flag[ i ] shall be equal to 1. When nnpfa_prompt_update_flag[ i ] is present for a value of i that is greater than the value nnpfc_num_inferences_minus1 in the NNPFC SEI message with nnpfc_id equal to nnpfa_target_id and nnpfc_base_flag equal to 1, nnpfa_prompt_update_flag[ i ] shall be equal to 1.
When nnpfc_inband_prompt_flag is equal to 0 in the NNPFC SEI message with nnpfc_id equal to nnpfa_target_id, the value of nnpfa_prompt_update_flag[ i ], if present, shall be equal to 0.
nnpfa_alignment_zero_bit shall be equal to 0.
nnpfa_prompt[ i ] specifies the text string prompt used as input for the target NNPF. When nnpfa_prompt_update_flag[ i ] is equal to 1, nnpfa_prompt[ i ] shall not be a null string.
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8.28.1	Neural-network post-filter characteristics SEI message
8.2.1.1	Neural-network post-filter characteristics SEI message syntax

	nn_post_filter_characteristics( payloadSize ) {
	Descriptor

		…
	

			nnpfc_component_last_flag
	u(1)

			nnpfc_inp_format_idc
	ue(v)

			nnpfc_auxiliary_inp_idc
	ue(v)

			if( ( nnpfc_auxiliary_inp_idc & 2 ) > 0 ) {
	

				nnpfc_inband_prompt_flag
	u(1)

				if( nnpfc_inband_prompt_flag ) {
	

					while( !byte_aligned( ) )
	

						nnpfc_alignment_zero_bit_c
	u(1)

					nnpfc_prompt
	st(v)

				}
	

			}
	

			if( ( nnpfc_auxiliary_inp_idc & 4 ) > 0 ) {
	

				nnpfc_num_aux_layers_minus1
	ue(v)

				for( i = 0; i  <=  nnpfc_num_aux_layers_minus1; i++ ) {
	

					nnpfc_per_aux_layer_essentiality_flag[ i ]
	u(1)

					nnpfc_layer_target_id[ i ]
	ue(v)

				}
	

			}
	

			nnpfc_inp_order_idc
	ue(v)

	…
	



8.2.1.2	Neural-network post-filter characteristics SEI message syntax
The neural-network post-filter characteristics (NNPFC) SEI message specifies a neural network that may be used as a post-processing filter. The use of specified neural-network post-processing filters (NNPFs) for specific pictures is indicated with neural-network post-filter activation (NNPFA) SEI messages.
Use of this SEI message requires the definition of the following variables:
–	Input picture width and height in units of luma samples, denoted herein by CroppedWidth and CroppedHeight, respectively.
–	Luma sample array CroppedYPic[ idx ] and chroma sample arrays CroppedCbPic[ idx ] and CroppedCrPic[ idx ], when present, of the input pictures with index idx in the range of 0 to numInputPics − 1, inclusive, that are used as input for the NNPF. 
–	Bit depth BitDepthY for the luma sample array of the input pictures.
–	Bit depth BitDepthC for the chroma sample arrays, if any, of the input pictures.
–	A chroma format indicator, denoted herein by ChromaFormatIdc, as described in clause 7.3.
–	When nnpfc_auxiliary_inp_idc is equal to 1, a filtering strength control value array StrengthControlVal[ idx ] that shall contain real numbers in the range of 0 to 1, inclusive, of the input pictures with index idx in the range of 0 to numInputPics − 1, inclusive.
–	When nnpfc_auxiliary_inp_idc is equal to 4, luma auxiliary sample array CroppedYAuxPic[ idx ][ layerIdx ] and chroma auxiliary sample arrays CroppedCbAuxPic[ idx ][ layerIdx ] and CroppedCrAuxPic[ idx ][ layerIdx ], when present, of the input pictures with index idx in the range of 0 to numInputPics − 1 and layer index layerIdx in the range of 0 to nnpfc_num_aux_layers_minus1, inclusive, that are used as additional input for the NNPF.
...
nnpfc_auxiliary_inp_idc greater than 0 indicates that auxiliary input data is present in the input tensor of the NNPF. nnpfc_auxiliary_inp_idc equal to 0 indicates that auxiliary input data is not present in the input tensor. nnpfc_auxiliary_inp_idc equal to 1, 2, 3 or 4 specifies that auxiliary input data is derived as specified in Equation 96.
When nnpfc_auxiliary_inp_idc is equal to 2 or 3, nnpfc_spatial_extrapolation_prompt_present_flag shall be equal to 1.
The value of nnpfc_auxiliary_inp_idc shall be in the range of 0 to 255, inclusive. Values of 5 to 255, inclusive, for nnpfc_auxiliary_inp_idc are reserved for future use by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders conforming to this version of this Specification shall ignore NNPFC SEI messages with nnpfc_auxiliary_inp_idc in the range of 5 to 255, inclusive.
When nnpfc_auxiliary_inp_idc is equal to 1 the auxiliary input data consists of strengthControlScaledVal[ i ]. 
When nnpfc_auxiliary_inp_idc is equal to 2 the auxiliary input data consists of nnpfc_prompt character values.
When nnpfc_auxiliary_inp_idc is equal to 3, the auxiliary input data consists of strengthControlScaledVal[ i ] and nnpfc_prompt character values.
When nnpfc_auxiliary_inp_idc is equal to 4, the auxiliary input data consists of sample arrays CroppedYAuxPic[ idx ][ layerIdx ] and CroppedCbAuxPic[ idx ][ layerIdx ] and CroppedCrAuxPic[ idx ][ layerIdx ] when present, of auxiliary input pictures.
…
nnpfc_num_aux_layers_minus1 plus 1 specifies the number of auxiliary layers in addition to the current layer used as input for the NNPF. The value of nnpfc_num_aux_layers_minus1 shall be in the range of 0 to 2 047, inclusive.
nnpfc_layer_target_id[ i ] specifies the layer identifier of the i-th layer to be used as input for the NNPF. Sample arrays of auxiliary input pictures are used to form an input tensor to the NNPF as additional channels as specified in the DeriveInputTensors( ) process in Equation 96. The value of nnpfc_layer_target_id[ i ] shall be in the range of 0 to 2 047, inclusive.
nnpfc_per_aux_layer_essentiality_flag[ i ] equal to 1 indicates that the i-th auxiliary layer associated with nnpfc_layer_target_id[ i ] is essential for the NNPF and if the i-th auxiliary layer is not present during the decoding process, the current NNPF should not be applied. nnpfc_per_aux_layer_essentiality_flag[ i ] equal to 0 indicates that the NNPF can be still applied when the i-th auxiliary layer is not present. [Ed. (YK): Essential might be a "forbidden" word in SEI message semantics.]
nnpfc_inp_order_idc indicates the method of ordering the sample arrays of an input picture to form an input tensor to the NNPF.
The value of nnpfc_inp_order_idc shall be in the range of 0 to 255, inclusive. Values of 4 to 255, inclusive, for nnpfc_inp_order_idc are reserved for future use by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders conforming to this version of this Specification shall ignore NNPFC SEI messages with nnpfc_inp_order_idc in the range of 4 to 255, inclusive.
When ChromaFormatIdc is not equal to 1, nnpfc_inp_order_idc shall not be equal to 3.
When ChromaFormatIdc is equal to 0, nnpfc_inp_order_idc shall be equal to 0.
When ChromaUpsamplingFlag is equal to 1, nnpfc_inp_order_idc shall not be equal to 0.
Table 21 contains an informative description of nnpfc_inp_order_idc values.
Table 21 – Description of nnpfc_inp_order_idc values
	nnpfc_inp_
order_idc
	Description

	0
	If nnpfc_auxiliary_inp_idc is equal to 0, one luma matrix is present in the input tensor for each input picture, and the number of channels is 1. Otherwise, when nnpfc_auxiliary_inp_idc is equal to 1 or 2, one luma matrix and one auxiliary input matrix are present, and the number of channels is 2. Otherwise, when nnpfc_auxiliary_inp_idc is equal to 3, one luma matrix and two auxiliary input matrices are present, and the number of channels is 3. Otherwise, when nnpfc_auxiliary_inp_idc is equal to 4, one luma matrix and nnpfc_num_aux_layers_minus1 + 1 auxiliary luma matrices are present, and the number of channels is nnpfc_num_aux_layers_minus1 + 2.

	1
	If nnpfc_auxiliary_inp_idc is equal to 0, two chroma matrices are present in the input tensor, and the number of channels is 2. Otherwise, when nnpfc_auxiliary_inp_idc is equal to 1 or 2, two chroma matrices and one auxiliary input matrix are present, and the number of channels is 3. Otherwise, when nnpfc_auxiliary_inp_idc is equal to 3, two chroma matrices and two auxiliary input matrices are present, and the number of channels is 4. Otherwise, when nnpfc_auxiliary_inp_idc is equal to 4, two chroma matrices and 2 * ( nnpfc_num_aux_layers_minus1 + 1 ) auxiliary chroma matrices are present, and the number of channels is 2 * ( nnpfc_num_aux_layers_minus1 + 2).

	2
	If nnpfc_auxiliary_inp_idc is equal to 0, one luma and two chroma matrices are present in the input tensor, and the number of channels is 3. Otherwise, when nnpfc_auxiliary_inp_idc is equal to 1 or 2, one luma matrix, two chroma matrices and one auxiliary input matrix are present, and the number of channels is 4. Otherwise, when nnpfc_auxiliary_inp_idc is equal to 3, one luma matrix, two chroma matrices and two auxiliary input matrices are present, and the number of channels is 5. Otherwise, when nnpfc_auxiliary_inp_idc is equal to 4, one luma matrix, two chroma matrices and nnpfc_num_aux_layers_minus1 + 1 auxiliary luma matrix, 2 * ( nnpfc_num_aux_layers_minus1 + 1 ) auxiliary chroma matrices are present, and the number of channels is 3 * ( nnpfc_num_aux_layers_minus1 + 2 ).

	3
	If nnpfc_auxiliary_inp_idc is equal to 0, four luma matrices and two chroma matrices are present in the input tensor, and the number of channels is 6. Otherwise, when nnpfc_auxiliary_inp_idc is equal to 1 or 2, four luma matrices, two chroma matrices, and one auxiliary input matrix are present in the input tensor, and the number of channels is 7. Otherwise, when nnpfc_auxiliary_inp_idc is equal to 3, four luma matrices, two chroma matrices, and two auxiliary input matrices are present in the input tensor, and the number of channels is 8. Otherwise, when nnpfc_auxiliary_inp_idc is equal to 4, four luma matrices, two chroma matrices and 4 * ( nnpfc_num_aux_layers_minus1 + 1 ) auxiliary luma matrices, 2 * ( nnpfc_num_aux_layers_minus1 + 1 ) auxiliary chroma matrices are present, and the number of channels is 6 * ( nnpfc_num_aux_layers_minus1 + 2 ).The luma channels are derived in an interleaved manner as illustrated in Figure 12. This nnpfc_inp_order_idc can only be used when the input chroma format is 4:2:0.

	4..255
	Reserved
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Figure 12 – Illustration of deriving the four luma channels (right) from the luma component (left) when nnpfc_inp_order_idc is equal to 3
...
The function InpSampleVal( y, x, picHeight, picWidth, croppedPic, cIdx ) with inputs being a vertical sample location y, a horizontal sample location x, a picture height picHeight, a picture width picWidth, sample array croppedPic, and component index cIdx (equal to 0 for luma, 1 for Cb, and 2 for Cr) returns the value of sampleVal derived as follows:
NOTE 7 – For the inputs to the function InpSampleVal( ), the vertical location is listed before the horizontal location for compatibility with input tensor conventions of some inference engines.
if( nnpfc_padding_type  = =  0 )
	if( y < 0  | |  x < 0  | |  y >= picHeight  | |  x  >=  picWidth )
		sampleVal = 0
	else
		sampleVal = croppedPic[ x ][ y ]			(94)
else if( nnpfc_padding_type  = =  1 )
	sampleVal = croppedPic[ Clip3( 0, picWidth − 1, x ) ][ Clip3( 0, picHeight − 1, y ) ]
else if( nnpfc_padding_type  = =  2 ) 
	sampleVal = croppedPic[ Reflect( picWidth − 1, x ) ][ Reflect( picHeight − 1, y ) ]
else if( nnpfc_padding_type  = =  3 ) 
	if( y >= 0  &&  y < picHeight )
		sampleVal = croppedPic[ Wrap( picWidth − 1, x ) ][ y ] 
else if( nnpfc_padding_type  = =  4 ) 
	if( y < 0  | |  x < 0  | |  y >= picHeight  | |  x  >=  picWidth )
		sampleVal = ( cIdx  = =  0 ? nnpfc_luma_padding_val : 
			( cIdx  = =  1 ? nnpfc_cb_padding_val : nnpfc_cr_padding_val ) )
	else
		sampleVal = croppedPic[ x ][ y ]
When nnpfc_auxiliary_inp_idc is equal to 1, the variable strengthControlScaledVal is derived as follows:
for( i = 0; i < numInputPics; i++ )
	if( nnpfc_inp_format_idc  = =  1 )				(95)
		if( nnpfc_inp_order_idc  = =  0  | |  nnpfc_inp_order_idc  = =  2  | |
				nnpfc_inp_order_idc  = =  3)
			strengthControlScaledVal[ i ] = 
					Floor( StrengthControlVal[ i ] * ( ( 1  <<  inpTensorBitDepthY ) − 1 ) )
		else if( nnpfc_inp_order_idc  = =  1 )
			strengthControlScaledVal[ i ] = 
					Floor( StrengthControlVal[ i ] * ( ( 1  <<  inpTensorBitDepthC ) − 1 ) )
	else
		strengthControlScaledVal[ i ] = StrengthControlVal[ i ]
A patch is a rectangular array of samples from a component (e.g., a luma or chroma component) of a picture.
The process DeriveInputTensors( ), for deriving the input tensor inputTensor for a given vertical sample coordinate cTop and a horizontal sample coordinate cLeft specifying the top-left sample location for the patch of samples included in the input tensor, is specified as follows:
for( i = 0; i < numInputPics; i++ ) {
	if( nnpfc_inp_order_idc  = =  0 )
		for( yP = −nnpfc_overlap; yP < inpPatchHeight + nnpfc_overlap; yP++)
			for( xP = −nnpfc_overlap; xP < inpPatchWidth + nnpfc_overlap; xP++ ) {
				inpVal = InpY( InpSampleVal( cTop + yP, cLeft + xP, CroppedHeight,
						CroppedWidth, CroppedYPic[ i ], 0 ) )
				yPovlp = yP + nnpfc_overlap
				xPovlp = xP + nnpfc_overlap
				if( !nnpfc_component_last_flag )
					inputTensor[ 0 ][ i ][ 0 ][ yPovlp ][ xPovlp ] = inpVal
				else
					inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 0 ] = inpVal
				if( nnpfc_auxiliary_inp_idc  = =  1 | | nnpfc_auxiliary_inp_idc  = =  3)
					if( !nnpfc_component_last_flag )
						inputTensor[ 0 ][ i ][ 1 ][ yPovlp ][ xPovlp ] = strengthControlScaledVal[ i ]
					else
						inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 1 ] = strengthControlScaledVal[ i ] 
				if( nnpfc_auxiliary_inp_idc  = =  2 | | nnpfc_auxiliary_inp_idc  = =  3) {
					promptCharVal = utf8ToUInt( nnpfcPrompt )
					if( !nnpfc_component_last_flag )
						inputTensor[ 0 ][ i ][ nnpfc_auxiliary_inp_idc − 1 ][ yPovlp ][ xPovlp ] = promptCharVal
					else
						inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ nnpfc_auxiliary_inp_idc − 1 ] = promptCharVal
				}
				if( nnpfc_auxiliary_inp_idc  = =  4)
						for( j=0; j <= nnpfc_num_aux_layers_minus1; j++) {
							inpAuxVal = InpY( InpSampleVal( cTop + yP, cLeft + xP, CroppedHeight,
								CroppedWidth, CroppedYAuxPic[ i ][ j ], 0 ) )
							if( !nnpfc_component_last_flag )
								inputTensor[ 0 ][ i ][ j + 1 ][ yPovlp ][ xPovlp ] = inpAuxVal
							else
								inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ j + 1 ] = inpAuxVal
				}
			}
	else if( nnpfc_inp_order_idc  = =  1 )			(96)
		for( yP = −nnpfc_overlap; yP < inpPatchHeight + nnpfc_overlap; yP++)
			for( xP = −nnpfc_overlap; xP < inpPatchWidth + nnpfc_overlap; xP++ ) {
				inpCbVal = InpC( InpSampleVal( cTop + yP, cLeft + xP, CroppedHeight / SubHeightC,
						CroppedWidth / SubWidthC, CroppedCbPic[ i ], 1 ) )
				inpCrVal = InpC( InpSampleVal( cTop + yP, cLeft + xP, CroppedHeight / SubHeightC,
						CroppedWidth / SubWidthC, CroppedCrPic[ i ], 2 ) )
				yPovlp = yP + nnpfc_overlap
				xPovlp = xP + nnpfc_overlap
				if( !nnpfc_component_last_flag ) {
					inputTensor[ 0 ][ i ][ 0 ][ yPovlp ][ xPovlp ] = inpCbVal
					inputTensor[ 0 ][ i ][ 1 ][ yPovlp ][ xPovlp ] = inpCrVal
				} else {
					inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 0 ] = inpCbVal
					inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 1 ] = inpCrVal
				}
				if( nnpfc_auxiliary_inp_idc  = =  1 | | nnpfc_auxiliary_inp_idc  = =  3)
					if( !nnpfc_component_last_flag )
						inputTensor[ 0 ][ i ][ 2 ][ yPovlp ][ xPovlp ] = strengthControlScaledVal[ i ]
					else
						inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 2 ] = strengthControlScaledVal[ i ] 
				if( nnpfc_auxiliary_inp_idc  = =  2 | | nnpfc_auxiliary_inp_idc  = =  3) {
					promptCharVal = utf8ToUInt( nnpfcPrompt ) 
					if( !nnpfc_component_last_flag )
						inputTensor[ 0 ][ i ][ nnpfc_auxiliary_inp_idc ][ yPovlp ][ xPovlp ] = promptCharVal
					else
						inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][  nnpfc_auxiliary_inp_idc ] = promptCharVal
				}
						if ( nnpfc_auxiliary_inp_idc  = =  4)
							for( j=0; j <= nnpfc_num_aux_layers_minus1; j++) {
								inpAuxCbVal = InpC( InpSampleVal( cTop + yP, cLeft + xP, CroppedHeight / 										SubHeightC, CroppedWidth / SubWidthC, CroppedCbAuxPic[ i ][ j ], 1 ) )
								inpAuxCrVal = InpC( InpSampleVal( cTop + yP, cLeft + xP, CroppedHeight / 										SubHeightC, CroppedWidth / SubWidthC, CroppedCrAuxPic[ i ][ j ], 2 ) )
									if( !nnpfc_component_last_flag ){
										inputTensor[ 0 ][ i ][ 2 * j + 2 ][ yPovlp ][ xPovlp ] = inpAuxCbVal
										inputTensor[ 0 ][ i ][ 2 * j + 3 ][ yPovlp ][ xPovlp ] = inpAuxCrVal
									} else {
										inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 2 * j + 2 ] = inpAuxCbVal
										inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 2 * j + 3 ] = inpAuxCrVal
									}
							} 
			}
	else if( nnpfc_inp_order_idc  = =  2 )
		for( yP = −nnpfc_overlap; yP < inpPatchHeight + nnpfc_overlap; yP++)
			for( xP = −nnpfc_overlap; xP < inpPatchWidth + nnpfc_overlap; xP++ ) {
				yY = cTop + yP
				xY = cLeft + xP
				yC = yY / SubHeightC
				xC = xY / SubWidthC
				inpYVal = InpY( InpSampleVal( yY, xY, CroppedHeight,
						CroppedWidth, CroppedYPic[ i ], 0 ) )
				inpCbVal = InpC( InpSampleVal( yC, xC, CroppedHeight / SubHeightC,
						CroppedWidth / SubWidthC, CroppedCbPic[ i ], 1 ) )
				inpCrVal = InpC( InpSampleVal( yC, xC, CroppedHeight / SubHeightC,
						CroppedWidth / SubWidthC, CroppedCrPic[ i ], 2 ) )
				yPovlp = yP + nnpfc_overlap
				xPovlp = xP + nnpfc_overlap
				if( !nnpfc_component_last_flag ) {
					inputTensor[ 0 ][ i ][ 0 ][ yPovlp ][ xPovlp ] = inpYVal
					inputTensor[ 0 ][ i ][ 1 ][ yPovlp ][ xPovlp ] = inpCbVal
					inputTensor[ 0 ][ i ][ 2 ][ yPovlp ][ xPovlp ] = inpCrVal
				} else {
					inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 0 ] = inpYVal
					inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 1 ] = inpCbVal
					inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 2 ] = inpCrVal
				}
				if( nnpfc_auxiliary_inp_idc  = =  2 | | nnpfc_auxiliary_inp_idc  = =  3) {
					promptCharVal = utf8ToUInt( nnpfcPrompt ) 
					if( !nnpfc_component_last_flag )
						inputTensor[ 0 ][ i ][ nnpfc_auxiliary_inp_idc + 1 ][ yPovlp ][ xPovlp ] = promptCharVal
					else
						inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ nnpfc_auxiliary_inp_idc + 1 ] = promptCharVal
				}
				if ( nnpfc_auxiliary_inp_idc  = =  4)
					for( j=0; j <= nnpfc_num_aux_layers_minus1; j++) {
						inpAuxYVal = InpY( InpSampleVal( yY, xY, CroppedHeight,
							CroppedWidth, CroppedYAuxPic[ i ][ j ], 0 ) )
						inpAuxCbVal = InpC( InpSampleVal( yC, xC, CroppedHeight / SubHeightC,
							CroppedWidth / SubWidthC, CroppedCbAuxPic[ i ][ j ], 1 ) )
						inpAuxCrVal = InpC( InpSampleVal( yC, xC, CroppedHeight / SubHeightC,
							CroppedWidth / SubWidthC, CroppedCrAuxPic[ i ][ j ], 2 ) )
						if( !nnpfc_component_last_flag ){
							inputTensor[ 0 ][ i ][ 3 * j + 3 ][ yPovlp ][ xPovlp ] = inpAuxYVal
							inputTensor[ 0 ][ i ][ 3 * j + 4 ][ yPovlp ][ xPovlp ] = inpAuxCbVal
							inputTensor[ 0 ][ i ][ 3 * j + 5 ][ yPovlp ][ xPovlp ] = inpAuxCrVal
						} else {
							inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 3 * j + 3 ] = inpAuxYVal
							inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 3 * j + 4 ] = inpAuxCbVal
							inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 3 * j + 5 ] = inpAuxCrVal
						}
					}
			}
	else if( nnpfc_inp_order_idc  = =  3 )
		for( yP = −nnpfc_overlap; yP < inpPatchHeight + nnpfc_overlap; yP++)
			for( xP = −nnpfc_overlap; xP < inpPatchWidth + nnpfc_overlap; xP++ ) {
				yTL = cTop + yP * 2
				xTL = cLeft + xP * 2
				yBR = yTL + 1
				xBR = xTL + 1
				yC = cTop / 2 + yP
				xC = cLeft / 2 + xP
				inpTLVal = InpY( InpSampleVal( yTL, xTL, CroppedHeight,
						CroppedWidth, CroppedYPic[ i ], 0 ) )
				inpTRVal = InpY( InpSampleVal( yTL, xBR, CroppedHeight,
						CroppedWidth, CroppedYPic[ i ], 0 ) )
				inpBLVal = InpY( InpSampleVal( yBR, xTL, CroppedHeight,
						CroppedWidth, CroppedYPic[ i ], 0 ) )
				inpBRVal = InpY( InpSampleVal( yBR, xBR, CroppedHeight,
						CroppedWidth, CroppedYPic[ i ], 0 ) )
				inpCbVal = InpC( InpSampleVal( yC, xC, CroppedHeight / 2,
						CroppedWidth / 2, CroppedCbPic[ i ], 1 ) )
				inpCrVal = InpC( InpSampleVal( yC, xC, CroppedHeight / 2,
						CroppedWidth / 2, CroppedCrPic[ i ], 2 ) )
				yPovlp = yP + nnpfc_overlap
				xPovlp = xP + nnpfc_overlap
				if( !nnpfc_component_last_flag ) {
					inputTensor[ 0 ][ i ][ 0 ][ yPovlp ][ xPovlp ] = inpTLVal
					inputTensor[ 0 ][ i ][ 1 ][ yPovlp ][ xPovlp ] = inpTRVal
					inputTensor[ 0 ][ i ][ 2 ][ yPovlp ][ xPovlp ] = inpBLVal
					inputTensor[ 0 ][ i ][ 3 ][ yPovlp ][ xPovlp ] = inpBRVal
					inputTensor[ 0 ][ i ][ 4 ][ yPovlp ][ xPovlp ] = inpCbVal
					inputTensor[ 0 ][ i ][ 5 ][ yPovlp ][ xPovlp ] = inpCrVal
				} else {
					inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 0 ] = inpTLVal
					inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 1 ] = inpTRVal
					inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 2 ] = inpBLVal
					inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 3 ] = inpBRVal
					inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 4 ] = inpCbVal
					inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 5 ] = inpCrVal
				}
				if( nnpfc_auxiliary_inp_idc  = =  1 | | nnpfc_auxiliary_inp_idc  = =  3)
					if( !nnpfc_component_last_flag )
						inputTensor[ 0 ][ i ][ 6 ][ yPovlp ][ xPovlp ] = strengthControlScaledVal[ i ]
					else
						inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 6 ] = strengthControlScaledVal[ i ] 
				if( nnpfc_auxiliary_inp_idc  = =  2 | | nnpfc_auxiliary_inp_idc  = =  3) {
					promptCharVal = utf8ToUInt( nnpfcPrompt )
					if( !nnpfc_component_last_flag )
						inputTensor[ 0 ][ i ][ nnpfc_auxiliary_inp_idc + 4 ][ yPovlp ][ xPovlp ] = promptCharVal
					else
						inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ nnpfc_auxiliary_inp_idc + 4 ] = promptCharVal
				}
				if( nnpfc_auxiliary_inp_idc  = =  4)
					for( j=0; j <= nnpfc_num_aux_layers_minus1; j++) {
						inpAuxTLVal = InpY( InpSampleVal( yTL, xTL, CroppedHeight,
							CroppedWidth, CroppedYAuxPic[ i ][ j ], 0 ) )
						inpAuxTRVal = InpY( InpSampleVal( yTL, xBR, CroppedHeight,
							CroppedWidth, CroppedYAuxPic[ i ][ j ], 0 ) )
						inpAuxBLVal = InpY( InpSampleVal( yBR, xTL, CroppedHeight,
							CroppedWidth, CroppedYAuxPic[ i ][ j ], 0 ) )
						inpAuxBRVal = InpY( InpSampleVal( yBR, xBR, CroppedHeight,
							CroppedWidth, CroppedYAuxPic[ i ][ j ], 0 ) )
						inpAuxCbVal = InpC( InpSampleVal( yC, xC, CroppedHeight / 2,
							CroppedWidth / 2, CroppedCbAuxPic[ i ][ j ], 1 ) )
						inpAuxCrVal = InpC( InpSampleVal( yC, xC, CroppedHeight / 2,
							CroppedWidth / 2, CroppedCrAuxPic[ i ][ j ], 2 ) )
						if( !nnpfc_component_last_flag ){
							inputTensor[ 0 ][ i ][ 6 * j + 6 ][ yPovlp ][ xPovlp ] = inpAuxTLVal
							inputTensor[ 0 ][ i ][ 6 * j + 7 ][ yPovlp ][ xPovlp ] = inpAuxTRVal
							inputTensor[ 0 ][ i ][ 6 * j + 8 ][ yPovlp ][ xPovlp ] = inpAuxBLVal
							inputTensor[ 0 ][ i ][ 6 * j + 9 ][ yPovlp ][ xPovlp ] = inpAuxBRVal
							inputTensor[ 0 ][ i ][ 6 * j + 10 ][ yPovlp ][ xPovlp ] = inpAuxCbVal
							inputTensor[ 0 ][ i ][ 6 * j + 11 ][ yPovlp ][ xPovlp ] = inpAuxCrVal
						} else {
							inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 6 * j + 6 ] = inpAuxTLVal
							inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 6 * j + 7 ] = inpAuxTRVal
							inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 6 * j + 8 ] = inpAuxBLVal
							inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 6 * j + 9 ] = inpAuxBRVal
							inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 6 * j + 10 ] = inpAuxCbVal
							inputTensor[ 0 ][ i ][ yPovlp ][ xPovlp ][ 6 * j + 11 ] = inpAuxCrVal
						}
				}
			}
}
utf8ToUInt( x ) {
	result = 0 
	len = 0 
	/* Check end of text prompt string */
	if( x  = =  null )
		return 0 
	/* Determine the number of bytes in the UTF-8 character */
	if( (x[ 0 ] & 0x80 )  = =  0 )
		len = 1  /* 1-byte character */
	else if( (x[ 0 ] & 0xE0 )  = =  0xC0 )
		len = 2  /* 2-byte character */
	else if( (x[ 0 ] & 0xF0 )  = =  0xE0 )
		len = 3  /* 3-byte character */
	else if( (x[ 0 ] & 0xF8 )  = =  0xF0 )
		len = 4  /* 4-byte character */
	else
		len = 0 /* Invalid UTF-8 character; this case shall not occur in bitstreams. */
	for( i = 0; i < len; i++ ) /* Construct an integer from the bytes */
		result = ( result << 8 ) | x[ i ]
	x = x + len /* Modifies the input variable, which is a syntax element */
	return result
}
...
NNPF multilayer support option 1 continued: Modify VVC clause D.12.11 per JVET-AK0167 (green highlighting) and JVET-AL0209 (yellow highlighting)
D.12.11	Use of the neural network post-filter characteristics SEI message and the neural network post-filter activation SEI message
Let currPic be the cropped decoded output picture for which the neural-network post-processing filter (NNPF) defined by the neural-network post-filter characteristics (NNPFC) SEI message is activated by a neural-network post-filter activation (NNPFA) SEI message and currLayerId be the nuh_layer_id value of currPic.
...
When nnpfc_auxiliary_inp_idc is equal to 4, let currAuxPic[ LayerIdx ] be the cropped decoded output picture of layer with nuh_layer_id equal to nnpfc_layer_target_id[ LayerIdx ] with LayerIdx in the range of 0 to nnpfc_num_aux_layers_minus1, inclusive, in the same AU as currentPic.
When currAuxPic[LayerIdx], with Layer Idx in the range of 0 to nnpfc_num_aux_layers_minus1, is not present, the following applies:
· if nnpfc_per_aux_layer_essentiality_flag[LayerIdx] is equal to 1 the NNPF process is not carried out. 
· if nnpfc_per_aux_layer_essentiality_flag[LayerIdx] is equal to 0 the currAuxPic[LayerIdx] is set to be a picture with a luma sample array of CroppedWidth × CroppedHeight samples equal to 0 and Cb and Cr sample arrays of ( CroppedWidth / SubWidthC ) × ( CroppedHeight / SubHeightC ) samples equal to 1 << ( BitDepth – 1 ).
…
For each value of j in the range of 0 to numInferences − 1, inclusive, the following applies:
–	The variable numCandInputPics, which indicates the number of candidate input pictures to the NNPF, is derived as follows:
numCandInputPics = numInputPics + nnpfa_num_input_pic_shift	(xx)
–	The arrays candInputPic[ i ] and candInputPresentFlag[ i ] for i in the range of 0 to numCandInputPics − 1, inclusive, representing all the candidate input pictures and the presence of candidate input pictures, respectively, and, when nnpfc_auxiliary_inp_idc is equal to 4 , the arrays candAuxInputPic[ i ][ m ] and candAuxInputPresentFlag[ i ][ m ] for i in the range of 0 to numCandInputPics − 1, inclusive, and m in the range of 0 to nnpfc_num_aux_layers_minus1, inclusive, representing all the auxiliary candidate input pictures and the presence of auxiliary candidate input pictures, respectively, are specified as follows:
–	When j is greater than 0, for each value of k in the range of 0 to j − 1, inclusive, candInputPic[ k ] is set to be currPic and candInputPresentFlag[ k ] is set equal to 0 and when nnpfc_auxiliary_inp_idc is equal to 4 , for each value of m in the range of 0 to nnpfc_num_aux_layers_minus1, candAuxInputPic[ k ][ m ] is set to be currAuxPic[ m ] and candAuxInputPresentFlag[ k ][ m ] is set equal to 0.
–	The j-th candidate input picture, candInputPic[ j ], is set to be currPic and candInputPresentFlag[ j ] is set equal to 1 and when nnpfc_auxiliary_inp_idc is equal to 4 , for each value of m in the range of 0 to nnpfc_num_aux_layers_minus1, each auxiliary candidate input picture candAuxInputPic[ j ][ m ] is set to be currAuxPic[ m ] and candAuxInputPresentFlag[ k ][ m ] is set equal to 1.
–	When numCandInputPics is greater than 1, the following applies for each value of i in the range of j + 1 to numCandInputPics − 1, inclusive, in increasing order of i:
–	If both of the following conditions are true, candInputPic[ i ] is set to be prevPic and candInputPresentFlag[ i ] is set equal to 1 and when nnpfc_auxiliary_inp_idc is equal to 4 , for each value of m in the range of 0 to nnpfc_num_aux_layers_minus1, each auxiliary candidate input picture candAuxInputPic[ j ][ m ] is set to be prevAuxPic[ m ] and candInputAuxPresentFlag[ k ][ m ] is set equal to 1, prevAuxPic[ m ] being the cropped decoded output picture that has nuh_layer_id equal to nnpfc_layer_target_id[ m ], precede candAuxInputPic[ i − 1 ][ m ] in output order:
–	Either of the following conditions is true:
–	pictureRateUpsamplingFlag is equal to 1 and currPic is associated with a frame packing arrangement SEI message with frame_packing_arrangement_type equal to 5 and a particular value of fp_current_frame_is_frame0_flag, and there is a cropped decoded output picture prevPic that is the last picture in output order among all cropped decoded output pictures that have nuh_layer_id equal to currLayerId, precede candInputPic[ i − 1 ] in output order, and are associated with a frame packing arrangement SEI message with frame_packing_arrangement_type equal to 5 and the same value of fp_current_frame_is_frame0_flag.
–	pictureRateUpsamplingFlag is equal to 0 or currPic is not associated with a frame packing arrangement SEI message with frame_packing_arrangement_type equal to 5, and there is a cropped decoded output picture prevPic that is the last picture in output order among all cropped decoded output pictures that have nuh_layer_id equal to currLayerId and precede candInputPic[ i − 1 ] in output order.
–	nnpfa_no_prev_clvs_flag is equal to 0 or the coded picture corresponding to prevPic and the current picture are present in the same CLVS.
–	Otherwise, the following applies:
–	candInputPic[ i ] is set to be the same picture as candInputPic[ i − 1 ] and candInputPresentFlag[ i ] is set equal to 0 and when nnpfc_auxiliary_inp_idc is equal to 4 , for each value of m in the range of 0 to nnpfc_num_aux_layers_minus1, candAuxInputPic[ j ][ m ] is set to be the same as candAuxInputPic[ j − 1 ][ m ]  and candAuxInputPresentFlag[ j ][ m ] is set equal to 0.
–	It is a requirement of bitstream conformance that, when pictureRateUpsamplingFlag is equal to 1, nnpfc_interpolated_pics[ i − 1 ] shall be equal to 0.
–	The arrays inputPic[ i ] and inputPresentFlag[ i ] for i in the range of 0 to numInputPics − 1, inclusive, representing all the input pictures and the presence of input pictures, respectively, are specified as follows:
for( i = 0, candIdx = nnpfa_num_input_pic_shift; i <= nnpfc_num_input_pics_minus1; i++, candIdx++ ) {
	inputPic[ i ] = candInputPic[ candIdx ]			(xx)
	inputPresentFlag[ i ] = candInputPresentFlag[ candIdx ]
}
–	When nnpfc_auxiliary_inp_idc is equal to 4, the arrays inputAuxPic[ i ][ j ] and inputPresentFlag[ i ][ j ] for i in the range of 0 to numInputPics − 1, inclusive, and for j in the range of 0 to nnpfc_num_aux_layers_minus1, inclusive, representing all the input auxiliary pictures and the presence of input auxiliary pictures, respectively, are specified as follows:
for( i = 0, candIdx = nnpfa_num_input_pic_shift; i <= nnpfc_num_input_pics_minus1; i++, candIdx++ ) {
	for( j = 0; j <= nnpfc_num_aux_layers_minus1; j++ ){
		inputAuxPic[ i ][ j ] = candAuxInputPic[ candIdx ][ j ]		(xx)
		inputAuxPresentFlag[ i ][ j ] = candAuxInputPresentFlag[ candIdx ][ j ]
	}
}
–	For each value of i in the range 0 to numInputPics − 1, inclusive, it is a requirement of bitstream conformance that when inputPresentFlag[ i ] is equal to 0 and nnpfc_input_pic_output_flag[ i ] is equal to 1, the value of nnpfa_output_flag[ idx ] shall be equal to 0 for the value of idx such that InpIdx[ idx ] is equal to i.
–	For purposes of interpretation of the NNPFC SEI message, the following variables are specified:
–	CroppedWidth is set equal to the value of pps_pic_width_in_luma_samples − ‌SubWidthC * ‌ ( pps_conf_win_left_offset + pps_conf_win_right_offset ) for currPic.
–	CroppedHeight is set equal to the value of pps_pic_height_in_luma_samples − ‌SubHeightC * ‌ ( pps_conf_win_top_offset + pps_conf_win_bottom_offset ) for currPic.
–	The luma sample arrays CroppedYPic[ i ] and the chroma sample arrays CroppedCbPic[ i ] and CroppedCrPic[ i ], when present, are derived as follows for each value of i in the range of 0 to numInputPics − 1, inclusive:
–	The variable sourcePic is derived as follows:
–	If inputPresentFlag[ i ] is equal to 1 or nnpfc_absent_input_pic_zero_flag is equal to 0, sourcePic is set to be inputPic[ i ].
–	Otherwise(inputPresentFlag[ i ] is equal to 0 and nnpfc_absent_input_pic_zero_flag is equal to 1), sourcePic is set to be a picture with a luma sample array of CroppedWidth × CroppedHeight samples equal to 0 and Cb and Cr sample arrays of ( CroppedWidth / SubWidthC ) × ( CroppedHeight / SubHeightC ) samples equal to 0.
–	The luma sample array CroppedYPic[ i ] and the chroma sample arrays CroppedCbPic[ i ] and CroppedCrPic[ i ], when present, are set to be the 2-dimensional arrays of decoded sample values of the Y, Cb and Cr components, respectively, of sourcePic.
–	When nnpfc_auxiliary_inp_idc is equal to 4, the luma sample arrays CroppedYAuxPic[ i ][ j ] and the chroma sample arrays CroppedCbAuxPic[ i ][ j ] and CroppedCrAuxPic[ i ][ j ], when present, are derived as follows for each value of i in the range of 0 to numInputPics − 1, inclusive, and for j in the range of 0 to nnpfc_num_aux_layers_minus1, inclusive:
–	The variable sourceAuxPic is derived as follows:
–	If inputAuxPresentFlag[ i ][ j ] is equal to 1 or nnpfc_absent_input_pic_zero_flag is equal to 0, sourceAuxPic is set to be inputAuxPic[ i ][ j ].
–	Otherwise (inputAuxPresentFlag[ i ][ j ] is equal to 0 and nnpfc_absent_input_pic_zero_flag is equal to 1), sourceAuxPic is set to be a picture with a luma sample array of CroppedWidth × CroppedHeight samples equal to 0 and Cb and Cr sample arrays of ( CroppedWidth / SubWidthC ) × ( CroppedHeight / SubHeightC ) samples equal to 0.
–	If sps_chroma_format_idc of the SPS referred to by currPic is greater than 0 and sps_chroma_format_idc of the SPS referred to by the picture of the j-th layer in the same AU as currPic is 0, Cb and Cr chroma samples arrays are added to sourceAuxPic of ( CroppedWidth / SubWidthC ) × ( CroppedHeight / SubHeightC ) samples equal to 0.
–	The luma sample array CroppedYAuxPic[ i ][ j ] and the chroma sample arrays CroppedCbAuxPic[ i ][ j ] and CroppedCrAuxPic[ i ][ j ], when present, are set to be the 2-dimensional arrays of decoded sample values of the Y, Cb and Cr components, respectively, of sourceAuxPic.
–	BitDepthY and BitDepthC are both set equal to BitDepth.
–	ChromaFormatIdc is set equal to sps_chroma_format_idc of the SPS referred to by currPic.
–	The array StrengthControlVal[ i ] for all values of i in the range of 0 to numInputPics − 1, inclusive, specifying the filtering strength control value for the input pictures for the NNPF, is derived as follows:
–	StrengthControlVal[ i ] is set equal to the value of ( firstSliceQpY + QpBdOffset ) ÷ ( 63 + QpBdOffset ), where firstSliceQpY is equal to SliceQpY of the first slice of inputPic[ i ].
It is a requirement of bitstream conformance that, the values of inWidth[ i  ], inHeight[ i  ], and inBitDepth[ i ] shall be the same for each picture that is present in currAu and has nuh_layer_id equal to nnpfc_layer_target_id[ i ] with i in the range of 0 to nnpfc_num_aux_layers_minus1, inclusive, in the same AU as currentPic shall be equal to: CroppedWidth, CroppedHeight and BitDepth, where inWidth[ i ], inHeight[ i ], and inBitDepth[ i ] are derived as follows:.
–	inWidth[ i ] is set equal to the value of pps_pic_width_in_luma_samples − ‌SubWidthC * ‌ ( pps_conf_win_left_offset + pps_conf_win_right_offset ) for the picture that is present in currAu and has nuh_layer_id equal to nnpfc_layer_target_id[ i ].
–	inHeight[ i ] is set equal to the value of pps_pic_height_in_luma_samples − ‌SubHeightC * ‌ ( pps_conf_win_top_offset + pps_conf_win_bottom_offset ) for the picture that is present in currAu and has nuh_layer_id equal to nnpfc_layer_target_id[ i ].
–	inBitDepth[ i ] is set equal to 0 the value of BitDepth of the picture that is present in currAu and has nuh_layer_id equal to nnpfc_layer_target_id[ i ].

Add following to VVC NNPF interface text:
The value of nnpfc_num_aux_layers_minus1 shall be in the range of 0 to 62, inclusive. The value of nnpfc_num_aux_layers_minus1 shall be in the range of 0 to 54, inclusive, in bitstreams conforming to this version of this Specification. Values for nnpfc_num_aux_layers_minus1 in the range of 55 to 62, inclusive, are reserved for future use by ITU-T | ISO/IEC. Decoders conforming to this version of this Specification shall also allow the value of nnpfc_num_aux_layers_minus1 in the range of 55 to 62, inclusive, to appear in the syntax and shall ignore (i.e., remove from the bitstream and discard) NNPFC SEI messages with nnpfc_num_aux_layers_minus1 in the range of 55 to 62, inclusive.
[bookmark: OLE_LINK55]The value of nnpfc_layer_target_id[ i ] shall be in the range of 0 to 63, inclusive. The value of nnpfc_layer_target_id[ i ] shall be in the range of 0 to 55, inclusive, in bitstreams conforming to this version of this Specification. Values for nnpfc_layer_target_id[ i ] in the range of 56 to 63, inclusive, are reserved for future use by ITU-T | ISO/IEC. Decoders conforming to this version of this Specification shall also allow the value of nnpfc_layer_target_id[ i ] in the range of 56 to 63, inclusive, to appear in the syntax and shall ignore (i.e., remove from the bitstream and discard) NNPFC SEI messages with nnpfc_layer_target_id[ i ] in the range of 56 to 63, inclusive.

NNPF multilayer support option 2: Modify VVC clause D.12.11 per JVET-AJ0130
D.12.11	Use of the neural network post-filter characteristics SEI message and the neural network post-filter activation SEI message
[bookmark: _Toc415476018][bookmark: _Toc423599293][bookmark: _Toc423601797][bookmark: _Hlk217382782]D.12.11.1	General
When an NNPFA SEI message is not included in a scalable nesting SEI message, the specifications of subclause D.12.11.2 apply for the use of the NNPFA SEI message and the associated NNPFC SEI messages.
When an NNPFA SEI message is included in a scalable nesting SEI message with sn_ols_flag equal to 0 and sn_subpic_flag equal to 0, the specifications of subclause D.12.11.3 apply for the use of the NNPFA SEI message and the associated NNPFC SEI messages.
[bookmark: _Hlk214888721]D.12.11.2	Use of NNPFC and NNPFA SEI messages not included in scalable nesting SEI messages
[no changes relative to the current text of D.12.11]
D.12.11.3	Use of a scalable-nested NNPFA SEI message with the associated NNPFC SEI messages
Let currAu be an access unit for which the scalable-nested NNPFA SEI message is active.
If currAu does not include each picture that has nuh_layer_id equal to NestingLayerId[ i ] and PictureOutputFlag equal to 1 for each value of i in the range of 0 to NestingNumLayers − 1, inclusive, the NNPF is not applied to currAu. Otherwise, the NNPF may be applied to currAu as follows. [Ed. (MH): In D.7.1., change nestingNumLayers to be NestingNumLayers.]
Let currPic be the picture that is present in currAu and has nuh_layer_id equal to NestingLayerId[ 0 ].
An NNPFC SEI message that has nnpfc_id equal to nnpfa_target_id is an associated NNPFC SEI message.
NOTE – It is not required to include an associated NNPFC SEI message in a scalable nesting SEI message.
It is a requirement of bitstream conformance that both PictureRateUpsamplingFlag and TemporalExtrapolationFlag shall be equal to 0 for the associated NNPFC SEI message.
It is a requirement of bitstream conformance that nnpfc_num_input_pics_minus1 + 1 shall be equal to NestingNumLayers.
It is a requirement of bitstream conformance that the values of inWidth[ i ], inHeight[ i ], and inBitDepth[ i ] shall be the same for each picture that is present in currAu and has nuh_layer_id equal to NestingLayerId[ i ] for i in the range of 0 to NestingNumLayers − 1, inclusive, where inWidth[ i ], inHeight[ i ], and inBitDepth[ i ] are derived as follows:.
–	inWidth[ i ] is set equal to the value of pps_pic_width_in_luma_samples − ‌SubWidthC * ‌ ( pps_conf_win_left_offset + pps_conf_win_right_offset ) for the picture that is present in currAu and has nuh_layer_id equal to NestingLayerId[ i ].
–	inHeight[ i ] is set equal to the value of pps_pic_height_in_luma_samples − ‌SubHeightC * ‌ ( pps_conf_win_top_offset + pps_conf_win_bottom_offset ) for the picture that is present in currAu and has nuh_layer_id equal to NestingLayerId[ i ].
–	inBitDepth[ i ] is set equal to 0 the value of BitDepth of the picture that is present in currAu and has nuh_layer_id equal to NestingLayerId[ i ].
For purposes of interpretation of the scalable-nested NNPFA SEI message with the associated NNPFC SEI messages, the following variables are specified:
–	CroppedWidth is set equal to inWidth[ 0 ].
–	CroppedHeight is set equal to inHeight[ 0 ].
–	When nnpfc_inp_order_idc is equal to 0, 2 or 3, the luma sample array of the picture that is present in currAu and has nuh_layer_id equal to NestingLayerId[ i ] is assigned to the luma sample array CroppedYPic[ i ] for all values of i in the range of 0 to NestingNumLayers − 1, inclusive.
–	When nnpfc_inp_order_idc is equal to 1, 2, or 3, the following applies for each value of i in the range of 0 to NestingNumLayers − 1, inclusive:
–	If there is a picture that is present in currAu, has nuh_layer_id equal to NestingLayerId[ i ], and has chroma sample arrays, these chroma sample arrays are assigned to CroppedCbPic[ i ] and CroppedCrPic[ i ].
–	Otherwise, all the sample values of CroppedCbPic[ i ] and and CroppedCrPic[ i ] are set equal to ( 1 << ( inBitDepth[ 0 ] − 1 ) ).
–	BitDepthY and BitDepthC are both set equal to inBitDepth[ 0 ].
–	ChromaFormatIdc is set equal to sps_chroma_format_idc applying to currPic.
–	When nnpfc_auxiliary_inp_idc is equal to 1, the following applies for each value of i in the range of 0 to NestingNumLayers − 1, inclusive:
–	StrengthControlVal[ i ] is set equal to the value of ( firstSliceQpY + QpBdOffset ) ÷ ( 63 + QpBdOffset ), where firstSliceQpY is equal to SliceQpY of the first slice of the picture that is present in currAu and has nuh_layer_id equal to NestingLayerId[ i ].

Auxiliary input to provide the purpose to the NNPF (JVET-AM0173):
nnpfc_auxiliary_inp_idc greater than 0 indicates that auxiliary input data is present in the input tensor of the NNPF. nnpfc_auxiliary_inp_idc equal to 0 indicates that auxiliary input data is not present in the input tensor. nnpfc_auxiliary_inp_idc in the range of 1 to 715, inclusive, specifies that auxiliary input data is derived as specified in Equation xx.
The value of nnpfc_auxiliary_inp_idc shall be in the range of 0 to 255, inclusive. Values of 816 to 255, inclusive, for nnpfc_auxiliary_inp_idc are reserved for future use by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders conforming to this version of this Specification shall ignore NNPFC SEI messages with nnpfc_auxiliary_inp_idc in the range of 816 to 255, inclusive.
When ( nnpfc_auxiliary_inp_idc & 1 ) is equal to 1 the auxiliary input data includes strengthControlScaledVal[ i ].
When ( nnpfc_auxiliary_inp_idc & 2 ) is equal to 2 the auxiliary input data includes text prompt character values.
When ( nnpfc_auxiliary_inp_idc & 4 ) is equal to 4, the auxiliary input data includes a seed value.
When ( nnpfc_auxiliary_inp_idc & 8 ) is equal to 8, the auxiliary input data includes the purpose of the NNPF.
The variable nnpfcNumAuxMatrices, specifying the number of auxiliary input matrices in the input tensor, is set equal to ( nnpfc_auxiliary_inp_idc & 1 ) + ( ( nnpfc_auxiliary_inp_idc & 2 )  >>  1 ) + ( ( nnpfc_auxiliary_inp_idc & 4 )  >>  2 ) + ( ( nnpfc_auxiliary_inp_idc & 8 )  >>  3 ).
…
The process DeriveAuxiliaryInput( picIdx, compIdx, x, y ), for including values into auxiliary input matrices of the input tensor inputTensor, is specified as follows:
if( nnpfc_auxiliary_inp_idc & 1 )
	if( !nnpfc_component_last_flag )
		inputTensor[ 0 ][ picIdx ][ compIdx++ ][ y ][ x ] = strengthControlScaledVal[ picIdx ]
	else
		inputTensor[ 0 ][ picIdx ][ y ][ x ][ compIdx++ ] = strengthControlScaledVal[ picIdx ] 
if( nnpfc_auxiliary_inp_idc & 2 ) {				(xx)
	promptCharVal = utf8ToUInt( nnpfcPrompt )
	if( !nnpfc_component_last_flag )
		inputTensor[ 0 ][ picIdx ][ compIdx++ ][ y ][ x ] = promptCharVal
	else
		inputTensor[ 0 ][ picIdx ][ y ][ x ][ compIdx++ ] = promptCharVal
}
if( nnpfc_auxiliary_inp_idc & 4 )
	if( !nnpfc_component_last_flag )
		inputTensor[ 0 ][ picIdx ][ compIdx++ ][ y ][ x ] = nnpfcSeedVal
	else
		inputTensor[ 0 ][ picIdx ][ y ][ x ][ compIdx++ ] = nnpfcSeedVal
if( nnpfc_auxiliary_inp_idc & 8 )
	if( !nnpfc_component_last_flag )
		inputTensor[ 0 ][ picIdx ][ compIdx++ ][ y ][ x ] = nnpfc_purpose
	else
		inputTensor[ 0 ][ picIdx ][ y ][ x ][ compIdx++ ] = nnpfc_purpose

Modify clause 8.30: SEI processing order and processing order nesting SEI messages
8.30 SEI processing order and processing order nesting SEI message
8.30.1 SEI processing order SEI message
8.30.1.1 SEI processing order SEI message syntax
Modify clause 8.30.1 as indicated with the highlighting (JVET-AL0064) and green highlighting(JVET-AM0155)
	sei_processing_order( payloadSize ) {
	Descriptor

		po_id
	u(8)

		po_for_human_viewing_idc
	u(2)

		po_for_machine_analysis_idc
	u(2)

	[bookmark: _Hlk183090118]	po_reserved_zero_4bits
	u(4)

		po_num_sei_messages_minus2
	u(7)

		po_breadth_first_flag
	u(1)

		for( i = 0, i < po_num_sei_messages_minus2 + 2; i++ ) {
	

	[bookmark: _Hlk137733344]		po_sei_wrapping_flag[ i ]
	u(1)

	[bookmark: _Hlk137733169]		po_sei_importance_flag[ i ]
	u(1)

			po_sei_processing_degree_flag[ i ]
	u(1)

			po_sei_payload_type[ i ]
	u(12)

			po_sei_prefix_flag[ i ]
	u(1)

	[bookmark: _Hlk130306976]		po_sei_processing_order[ i ]
	u(8)

		}
	

		for( i = 0; i < po_num_sei_messages_minus2 + 2; i++ )
	

			if( po_sei_prefix_flag[ i ] ) {
	

				po_num_bits_in_prefix_indication_minus1[ i ]
	u(8)

				for( j = 0; j  <=  po_num_bits_in_prefix_indication_minus1[ i ]; j++ )
	

					po_sei_prefix_data_bit[ i ][ j ]
	u(1)

				while( !byte_aligned( ) )
	

					po_byte_alignment_bit_equal_to_one /* equal to 1 */
	f(1)

			}
	

		po_complexity_info_present_flag
	u(1)

		if( po_complexity_info_present_flag ) {
	

			po_parameter_type_idc
	u(2)

			if( po_parameter_type_idc  !=  2 )
	

				po_log2_parameter_bit_length_minus3
	u(2)

			po_num_parameters_idc
	u(6)

			po_num_kmac_operations_idc
	ue(v)

			po_total_kilobyte_size
	ue(v)

		}
	

		if( more_data_in_payload( ) )
	

			if(payload_extension_present( )) {
	

				SeiExtensionBitsPresentFlag = 1
	

				po_root_complexity_info_present_flag
	u(1)

				if( po_root_complexity_info_present_flag ) {
	

					po_root_parameter_type_idc
	u(2)

					if( po_root_parameter_type_idc  !=  2 )
	

						po_root_log2_parameter_bit_length_minus3
	u(2)

					po_root_num_parameters_idc
	u(6)

					po_root_num_kmac_operations_idc
	ue(v)

					po_root_total_kilobyte_size
	ue(v)

				}
	

				po_key_processes_complexity_info_present_flag
	u(1)

				if( po_key_processes_complexity_info_present_flag ) {
	

					for( i = 0; i < NumKeyProcess; i++ ) {
	u(2)

						po_key_process_parameter_type_idc[ i ]
	

						if( po_key_process_parameter_type_idc[ i ]  !=  2 )
	u(2)

							po_key_process_log2_parameter_bit_length_minus3[ i ]
	u(6)

						po_key_process_num_parameters_idc[ i ]
	ue(v)

						po_key_process_num_kmac_operations_idc[ i ]
	ue(v)

						po_key_process_total_kilobyte_size[ i ]
	u(1)

					}
	

				}
	

			}
	

	}
	


[Ed.: Editors to consider the renaming “key process”. (MH): How about replacing po_root_complexity_info_present_flag with po_root_nnpf_complexity_info_present_flag and po_key_processes_complexity_info_present_flag with po_subchain_nnpf_complexity_info_present_flag, and in all other syntax elements replacing _key_ with _subchain_ in the syntax element names.]

Modify clause 8.30.1.2 as indicated with the highlighting(JVET-AL0064), green highlighting(JVET-AM0155), and cyan highlighting (JVET-AM0079):
8.30.1.2 SEI processing order SEI message semantics
po_root_complexity_info_present_flag equal to 1 specifies that po_root_parameter_type_idc, po_root_num_parameters_idc and po_root_num_kmac_operations_idc, po_root_total_kilobyte_size, are present. po_root_info_present_flag equal to 0 specifies that these syntax elements are not present. When there is no NNPF process that is activated by NNPFA SEI message(s) associated with root processes, po_root_complexity_info_present_flag shall be equal to 0.
[Ed. (MH): The definition of "an NNPF in the root processes" or "NNPF root process" should be added: A root NNPF process is an NNPF that is activated by NNPFA SEI message(s) associated with the nnpfIdx-th SEI mesage type that does not belong to a sub-chain and for which both po_sei_importance_flag[ nnpfIdx ] and po_sei_processing_degree_flag[ nnpfIdx ] are equal to 1. Below "NNPFs in the root processes" can be replaced by "NNPF root processes".]
[Ed.: consider use of “critical process” rather than “root process”]
po_root_parameter_type_idc equal to 0 indicates that the NNPFs in the root processes identified by the sei processing order SEI message use only integer parameters. po_root_parameter_type_idc equal to 1 indicates that the NNPFs in the root processes identified by the sei processing order SEI message may use floating point or integer parameters. po_root_parameter_type_idc equal to 2 indicates that the NNPFs in the root processes identified by the sei processing order SEI message uses only binary parameters. po_root_parameter_type_idc equal to 3 is reserved for future use by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this edition of this document. Decoders conforming to this edition of this document shall ignore SPO SEI messages with po_root_parameter_type_idc equal to 3.
po_root_log2_parameter_bit_length_minus3 equal to 0, 1, 2, and 3 indicates that the NNPFs in the root processes identified by the sei processing order SEI message do not use parameters of bit length greater than 8, 16, 32, and 64, respectively. When po_root_parameter_type_idc is present and po_root_log2_parameter_bit_length_minus3 is not present, the NNPFs in the root processes identified by the sei processing order SEI message do not use parameters of bit length greater than 1.
po_root_num_parameters_idc indicates the maximum number of parameters needed by NNPFs in the root processes identified by the sei processing order SEI message in units of a power of 2048. po_root_num_parameters_idc equal to 0 indicates that the maximum number of parameters needed by NNPFs in the root processes identified by the sei processing order SEI message is unknown. The value po_root_num_parameters_idc shall be in the range of 0 to 52, inclusive. Values of po_root_num_parameters_idc greater than 52 are reserved for future use by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this edition of this document. Decoders conforming to this edition of this document shall ignore SPO SEI messages with po_root_num_parameters_idc greater than 52.
If the value of po_root_num_parameters_idc is greater than zero, the variable maxRootNumParameters is derived as follows:
maxRootNumParameters = ( 2048  <<  po_root_num_parameters_idc ) − 1	(xx)
It is a requirement of bitstream conformance that the number of parameters of root processes shall be less than or equal to maxRootNumParameters.
po_root_num_kmac_operations_idc greater than 0 indicates that the maximum number of multiply-accumulate operations per sample of the NNPFs in the root processes identified by the sei processing order SEI message is less than or equal to po_root_num_kmac_operations_idc * 1000. po_root_num_kmac_operations_idc equal to 0 indicates that the maximum number of multiply-accumulate operations of the NNPFs in the root processes identified by the sei processing order SEI message is unknown. The value of po_root_num_kmac_operations_idc shall be in the range of 0 to 232 − 2, inclusive.
po_root_total_kilobyte_size greater than 0 indicates a total size in kilobytes required to store the uncompressed parameters for the NNPFs in the root processes identified by the sei processing order SEI message. The total size in bits is a number equal to or greater than the sum of bits used to store each parameter. po_root_total_kilobyte_size is the total size in bits divided by 8 000, rounded up. po_root_total_kilobyte_size equal to 0 indicates that the total size required to store the parameters for the NNPFs in the root processes identified by the sei processing order SEI message is unknown. The value of po_root_total_kilobyte_size shall be in the range of 0 to 232 − 2, inclusive.
po_key_processes_complexity_info_present_flag equal to 1 specifies that po_key_process_parameter_type_idc[ i ], po_key_process_num_parameters_idc[ i ], po_key_process_num_kmac_operations_idc[ i ], and po_key_process_total_kilobyte_size[ i ] are present. po_key_processes_complexity_info_present_flag equal to 0 specifies that these syntax elements are not present. When there is no NNPF process that is activated by NNPFA SEI message(s) associated with key processes, po_key_processes_complexity_info_present_flag shall be equal to 0.
A key process is defined as the sub-chain including at least one NNPF process associated with a NNPF SEI message with index i, where the sum of  po_sei_importance_flag[ i ] and po_sei_processing_degree_flag[ i ] is greater than or equal to 1. NumKeyProcess represents the number of key processes in the processing chain indicated by the SPO SEI message. 
[Ed. (MH): "A key process is defined as the sub-chain" does not sound right. It is suggested to consider the following definition: A {key | sub-chain | whatever_qualifer_is_selected } NNPF process is an NNPF that is activated by NNPFA SEI message(s) associated with the nnpfIdx-th SEI mesage type that belongs to a sub-chain and for which the sum of po_sei_importance_flag[ nnpfIdx ] and po_sei_processing_degree_flag[ nnpfIdx ] is greater than or equal to 1.]
po_key_process_parameter_type_idc[ i ] equal to 0 indicates that the NNPFs in the i-th key process identified by the sei processing order SEI message use only integer parameters. po_key_process_parameter_type_idc[ i ] equal to 1 indicates that the NNPFs in the i-th key process identified by the sei processing order SEI message may use floating point or integer parameters. po_key_process_parameter_type_idc[ i ] equal to 2 indicates that the NNPFs in the i-th key process identified by the sei processing order SEI message uses only binary parameters. po_key_process_parameter_type_idc[ i ] equal to 3 is reserved for future use by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this edition of this document. Decoders conforming to this edition of this document shall ignore SPO SEI messages with po_root_parameter_type_idc equal to 3.
po_key_process_log2_parameter_bit_length_minus3[ i ] equal to 0, 1, 2, and 3 indicates that the NNPFs in the i-th key process identified by the sei processing order SEI message do not use parameters of bit length greater than 8, 16, 32, and 64, respectively. When po_key_process_parameter_type_idc is present and po_key_process_log2_parameter_bit_length_minus3[ i ] is not present, the NNPFs in the i-th key process  identified by the sei processing order SEI message do not use parameters of bit length greater than 1.
po_key_process_num_parameters_idc[ i ] indicates the maximum number of parameters needed by NNPFs in the i-th key process identified by the sei processing order SEI message in units of a power of 2048. po_key_process_num_parameters_idc[ i ] equal to 0 indicates that the maximum number of parameters needed by NNPFs in the i-th key process identified by the sei processing order SEI message is unknown. The value po_key_process_num_parameters_idc[ i ] shall be in the range of 0 to 52, inclusive. Values of po_key_process_num_parameters_idc[ i ] greater than 52 are reserved for future use by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this edition of this document. Decoders conforming to this edition of this document shall ignore SPO SEI messages with po_key_process_num_parameters_idc[ i ] greater than 52.
If the value of po_key_process_num_parameters_idc[ i ] is greater than zero, the variable maxkeyNumParameters[ i ] is derived as follows:
maxKeyNumParameters[ i ] = ( 2048  <<  po_key_process_num_parameters_idc[ i ] ) − 1							(xx)
It is a requirement of bitstream conformance that the number of parameters of i-th key process shall be less than or equal to maxKeyNumParameters.
po_key_process_num_kmac_operations_idc[ i ] greater than 0 indicates that the maximum number of multiply-accumulate operations per sample of the NNPFs in the i-th key process identified by the sei processing order SEI message is less than or equal to po_key_process_num_kmac_operations_idc[ i ] * 1000. po_key_process_num_kmac_operations_idc[ i ] equal to 0 indicates that the maximum number of multiply-accumulate operations of the NNPFs in the i-th key process identified by the sei processing order SEI message is unknown. The value of po_key_process_num_kmac_operations_idc[ i ] shall be in the range of 0 to 232 − 2, inclusive.
po_key_process_total_kilobyte_size[ i ] greater than 0 indicates a total size in kilobytes required to store the uncompressed parameters for the NNPFs in the i-th key process identified by the sei processing order SEI message. The total size in bits is a number equal to or greater than the sum of bits used to store each parameter. po_key_process_total_kilobyte_size[ i ] is the total size in bits divided by 8 000, rounded up. po_key_process_total_kilobyte_size[ i ] equal to 0 indicates that the total size required to store the parameters for the NNPFs in the i-th key process identified by the sei processing order SEI message is unknown. The value of po_key_process_total_kilobyte_size[ i ] shall be in the range of 0 to 232 − 2, inclusive.

Modify clause 8.31: Encoder optimization information SEI message

8.31 Encoder optimization information SEI message
8.31.1	Encoder optimization information SEI message syntax

	[bookmark: _Hlk217395647]encoder_optimization_info(payloadSize ) {
	Descriptor

		eoi_cancel_flag
	u(1)

		if( !eoi_cancel_flag ) {
	

			eoi_persistence_flag
	u(1)

			eoi_for_human_viewing_idc
	u(2)

	[bookmark: _Hlk183090146]		eoi_for_machine_analysis_idc
	u(2)

			eoi_reserved_zero_2bits
	u(2)

			eoi_type
	u(16)

			if( EoiObjectBasedFlag ) {
	

				eoi_object_based_idc
	u(16)

				if( eoi_object_based_idc & 0x02 ) {
	

					eoi_quant_threshold_delta
	ue(v)

					if( eoi_quant_threshold_delta > 0 )
	

						eoi_pic_quant_object_flag
	u(1)

				}
	

			}
	

			if( EoiTemporalResamplingFlag ) {
	

				eoi_temporal_resampling_type_flag
	u(1)

				eoi_num_int_pics
	ue(v)

				if( eoi_temporal_resampling_type_flag  &&
					eoi_num_int_pics > 0 )
	

					eoi_src_pic_flag
	u(1)

			}
	

			if( EoiSpatialResamplingFlag ) {
	

				eoi_orig_pic_dimensions_flag
	u(1)

				if( eoi_orig_pic_dimensions_flag ) {
	

					eoi_orig_pic_width_minus1
	u(16)

					eoi_orig_pic_height_minus1
	u(16)

				} else {
	

					eoi_spatial_hor_resampling_type_idc
	u(2)

					eoi_spatial_ver_resampling_type_idc
	u(2)

				}
	

			}
	

			if( EoiPrivacyProtectionFlag ) {
	

				eoi_privacy_protection_method_idc
	u(16)

				eoi_privacy_info_type
	u(8)

			}
	

			if( more_data_in_payload( )  &&  payload_extension_present( ) ) {
	

				SeiExtensionBitsPresentFlag = 1
	

				eoi_num_sublayers
	u(3)

				if( eoi_num_sublayers < 7 )
	

					eoi_min_tid
	u(3)

				if( EoiTemporalResamplingFlag )
	

					if( !eoi_temporal_resampling_type_flag  &&  eoi_num_int_pics > 0 ) {
	

						eoi_temporal_extrapolation_flag
	u(1)

						if( eoi_temporal_extrapolation_flag )
	

							eoi_temporal_extrapolation_dir_flag
	u(1)

						eoi_temporal_clvs_flag
	u(1)

					}
	

				if( EoiTemporalQualityFlag ) 
	

					eoi_pic_quality_idc
	u(2)

				if( EoiLumaAdaptationFlag ) {
	

					eoi_luma_adaptation_idc
	ue(v)

					eoi_ratio_luma_value
	u(7)

					eoi_ratio_luma_sign_flag
	u(1)

					if( eoi_luma_adaptation_idc  = =  0 )
	

						eoi_display_model
	u(4)

					else if( eoi_luma_adaptation_idc  = =  1 )
	

						eoi_backscale_ratio_value
	u(7)

				}
	

				if( EoiObjectBasedFlag) {
	

					eoi_object_determination_idc
	ue(v)

					if( eoi_object_determination_idc  = =  1 ) {
	

						eoi_depth_source_type_idc
	ue(v)

						eoi_depth_range_count_minus1
	u(3)

						eoi_depth_range_in_focus_index
	u(3)

						eoi_depth_range_anchor_mode_idc
	u(2)

						for ( i = 0; i < eoi_depth_range_count_minus1 + 1; i++ ) {
	

							eoi_depth_range_near_value[ i ]
	ue(v)

							eoi_depth_range_far_value[ i ]
	ue(v)

							if( ( eoi_object_based_idc & 0x02 )  &&
							( eoi_quant_threshold_delta > 0 )&&
							( i < eoi_depth_range_count_minus1 ) )
	

								eoi_depth_range_quant_th_delta_minus1[ i ]
	ue(v)

						}
	

					}
	

				}
	

			}
	

		}
	

	}
	



8.31.2	Encoder optimization information SEI message semantics
…
eoi_persistence_flag specifies the persistence of the optimization information provided in this SEI message. eoi_persistence_flag equal to 0 specifies that the optimization information applies for the current picture only. eoi_persistence_flag equal to 1 specifies that the optimization information applies for the pictures in the temporal sublayers indicated by eoi_num_sublayers and eoi_min_tid, when present, among the current picture and all subsequent pictures of the current layer in output order until one or more of the following conditions are true:
…
eoi_type indicates the types of optimization method as specified in Table 25 where ( eoi_type & bitMask ) not equal to 0 indicates that the optimization type with the bitMask value in Table 25 has been applied. When eoi_type is greater than 0 and ( eoi_type & bitMask ) is equal to 0, the optimization type with the bitMask value has not been applied. When eoi_type is equal to 0, optimization as determined by the application has been used. The value of eoi_type shall be in the range of 0 to 63127, inclusive, in bitstreams conforming to this version of this Specification. When eoi_type is greater than or equal to 64128 and (eoi_type & 0x003F0x007F) is not equal to 0, decoders conforming to this version of this Specification shall ignore all syntax elements that follow eoi_privacy_info_typeeoi_depth_range_quant_th_delta_minus1[ i ] in the encoder_optimization_info( ) syntax structure. Otherwise, when eoi_type is greater than or equal to 64128 and (eoi_type & 0x003F0x007F) is equal to 0, decoders conforming to this version of this Specification shall ignore the encoder optimization information SEI message.
Table 25 – Definition of eoi_type
	bitMask
	Interpretation

	0x01
	Object-based optimization; the pictures for which this SEI message persists have been pre-processed or encoded so that detected objects in the pictures are optimized with respect to other parts of the pictures for the indicated optimization purposes

	0x02
	Temporal resampling optimization

	0x04
	Spatial resampling optimization

	0x08
	Temporal quality optimization in a manner that quality fluctuates temporally

	0x10
	Spatial quality optimization; the pictures for which this SEI message persists have been pre-processed or encoded to reduce unnecessary information or improve the quality of necessary information.(e.g to reduce the amount of noise and remove speckles at the picture-level)

	0x20
	Privacy protection optimization; the pictures for which this SEI message persists have been pre-processed or encoded to protect personal information. (e.g. removal or replacing of personal identifiable information, pseudonymization, anonymization)

	0x40
	Luma range adaptation optimization; the pictures for which this SEI message persists have been pre-processed or encoded to adapt the average luma computed on the whole picture by decreasing or increasing its level (e.g. to reduce the amount of energy consumption at the display)


The variables EoiObjectBasedFlag, EoiTemporalResamplingFlag, EoiSpatialResamplingFlag, EoiTemporalQualityFlag, EoiSpatialQualityFlag, and EoiPrivacyProtectionFlag and EoiLumaAdaptationFlag, specifying whether eoi_type indicates the type of the optimization to include object-based optimization, temporal resampling optimization, spatial resampling optimization, temporal quality optimization, spatial quality optimization, privacy protection optimization, and luma adaptation optimization, respectively, are derived as follows:
EoiObjectBasedFlag = ( ( eoi_type & 0x01 ) > 0 ) ? 1 : 0
EoiTemporalResamplingFlag = ( ( eoi_type & 0x02 ) > 0 ) ? 1 : 0
EoiSpatialResamplingFlag = ( ( eoi_type & 0x04 ) > 0 ) ? 1 : 0	(xx)
EoiTemporalQualityFlag = ( ( eoi_type & 0x08 ) > 0 ) ? 1 : 0
EoiSpatialQualityFlag = ( ( eoi_type & 0x10 ) > 0 ) ? 1 : 0
EoiPrivacyProtectionFlag = ( ( eoi_type & 0x20 ) > 0 ) ? 1 : 0
EoiLumaAdaptationFlag = ( ( eoi_type & 0x40 ) > 0 ) ? 1 : 0
…
Add the following paragraphs at the end of clause 8.31.2.
[bookmark: _Hlk157028550]eoi_num_sublayers equal to 7 specifies that this SEI message applies to all temporal sublayers. eoi_num_sublayers less than 7 specifies the number of temporal sublayers to which this SEI message applies. eoi_num_sublayers equal to 0 is reserved.
eoi_min_tid specifies the smallest temporal sublayer identifier value to which this SEI message applies. The value of eoi_min_tid shall be in the range of 0 to 6 − eoi_num_sublayers, inclusive. When eoi_persistence_flag is equal to 1 and eoi_min_tid is not present, eoi_min_tid is inferred to be equal to 0.
When eoi_persistence_flag is equal to 1, the variable eoiMaxSublayer, which is the greatest sublayer identifier value to which this SEI message applies, is derived as follows:
eoiMaxSublayer = eoi_min_tid + eoi_num_sublayers − 1
When eoi_persistence_flag is equal to 1, the semantics of eoi_for_human_viewing_flag and eoi_for_machine_analysis_flag apply to the sublayer representation of eoiMaxSubLayer and the semantics of eoi_type, eoi_object_based_idc (when present), eoi_temporal_resampling_type_flag (when present), and eoi_num_int_pics (when present) apply to the sublayers with a sublayer identifier in the range of eoi_min_tid to eoiMaxSublayer, inclusive.
When multiple encoder optimization information SEI messages are present in a particular PU, the following constraints apply for these SEI messages:
–	All of the SEI messages shall have the same value of eoi_cancel_flag.
–	When eoi_persistence_flag is present in the SEI messages, all the SEI messages shall have the same value of eoi_persistence_flag.
–	When any of the SEI messages has eoi_num_sublayers equal to 7, all the SEI messages shall have the same SEI payload content. 
–	When an SEI message among the SEI messages has eoi_num_sublayers less than 7, the following constraints apply:
–	All the SEI messages with the same values of eoi_num_sublayers and eoi_min_tid, which are assigned to numSubLayersA and minTidA, respectively, shall have the same SEI payload content.
–	There shall be no such SEI message among the SEI messages for which both of the following are true:
–	eoi_num_sublayers is not equal to numSubLayersA or eoi_min_tid is not equal to minTidA. 
–	eoi_min_tid is greater than minTidA and less than minTidA + numSubLayersA.
eoi_temporal_extrapolation_flag equal to 1 indicates that, when performing the optimization, the encoding system assumed that decoding systems would perform temporal extrapolation using the pictures within the persistence of this SEI message as input, as indicated by the value of eoi_temporal_extrapolation_dir_flag. eoi_temporal_extrapolation_flag equal to 0 indicates that, when performing the optimization, the encoding system assumed that the decoding systems would perform temporal interpolation between each pair of pictures within the persistence of this SEI message.
[bookmark: _Hlk219511957]It is a requirement of bitstream conformance that when the current PU containing this SEI message is the last PU in the bitstream in output order and eoi_temporal_extrapolation_flag is present, the value of eoi_temporal_extrapolation_flag shall be equal to 1.
eoi_temporal_extrapolation_dir_flag equal to 1 indicates that, when performing the optimization, the encoding system assumed that decoding systems would extrapolate num_int_pics pictures for each pair of consecutive pictures picPair in output order within the persistence of this SEI message using the latter picture, in output order, of picPair as input. eoi_temporal_extrapolation_dir_flag equal to 0 indicates that, when performing the optimization, the encoding system assumed that decoding systems would extrapolate num_int_pics pictures for each pair of consecutive pictures picPair in output order within the persistence of this SEI message using the earlier picture, in output order, of picPair as input.
eoi_temporal_clvs_flag equal to 1 indicates that, when performing the optimization, the encoding system assumed that decoding systems would not extrapolate or interpolate pictures that precede the first picture of the CLVS in output order or extrapolate pictures that follow the last picture of the CLVS in output order.
When eoi_temporal_extrapolation_flag is equal to 1 and either this SEI message is not present in the first picture of a CLVS in output order or eoi_temporal_extrapolation_dir_flag is equal to 0, eoi_temporal_clvs_flag shall be equal to 1.
When eoi_temporal_extrapolation_flag is equal to 0 and this SEI message is not present in the first picture of a CLVS in output order, eoi_temporal_clvs_flag shall be equal to 1.
When eoi_temporal_extrapolation_flag is equal to 1 and either this SEI message is not present in, or does persist until, the last picture of a CLVS in output order or eoi_temporal_extrapolation_dir_flag is equal to 1, eoi_temporal_clvs_flag shall be equal to 1.
When this SEI message is present in the first picture firstPic of the CLVS in output order, eoi_temporal_extrapolation_flag is equal to 1, and eoi_temporal_extrapolation_dir_flag is equal to 1, eoi_temporal_clvs_flag equal to 0 indicates that, when performing the optimization, the encoding system assumed that decoding systems would extrapolate, using firstPic as input, num_int_pics pictures that precede firstPic in output order and follow all pictures of the previous CLVS, if any, in output order.
When this SEI message is present in the first picture firstPic of the CLVS in output order and eoi_temporal_extrapolation_flag is equal to 0, eoi_temporal_clvs_flag equal to 0 indicates that, when performing the optimization, the encoding system assumed that decoding systems would interpolate, using firstPic as input, num_int_pics pictures that precede firstPic in output order and follow all pictures of the previous CLVS, if any, in output order.
When this SEI message is present in, or persists until, the last picture lastPic of the CLVS in output order, eoi_temporal_extrapolation_flag is equal to 1, and eoi_temporal_extrapolation_dir_flag is equal to 0, eoi_temporal_clvs_flag equal to 0 indicates that, when performing the optimization, the encoding system assumed that decoding systems would extrapolate, using lastPic as input, num_int_pics pictures that follow lastPic in output order and precede all pictures of the next CLVS, if any, in output order.
eoi_pic_quality_idc equal to 2 specifies that the quality of the picture associated with SEI message is optimized. eoi_pic_quality_idc equal to 1 specifies that the quality of the picture associated with the SEI message is not optimized. eoi_pic_quality_idc equal to 0 specifies that it is unknown if the quality of the picture associated with the SEI message is optimized. The value of eoi_pic_quality_idc shall be in the range of 0 to 2, inclusive.
eoi_luma_adaptation_idc specifies the type or method of luma range adaptation. eoi_luma_adaptation_idc equal to 0 specifies that the luma value range has been adapted for display power saving. eoi_luma_adaptation_idc equal to 1 specifies that luma sample values have been multiplied by lumaRatioMult derived below as a part of the pre-processing prior to encoding. Values of 2 to 255, inclusive, for eoi_luma_adaptation_idc are reserved for future use by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. When the value of eoi_luma_adaptation_idc is in the range of 2 to 255, inclusive, decoders conforming to this version of this Specification shall ignore this SEI message.
eoi_ratio_luma_value, specifies the percentage of average luma variation through luma samples decrease or increase (accordingly with the value of the eoi_ratio_luma_sign_flag field) that was achieved by applying the luma range adaptation. The percentage of luma range adaptation is to be considered relatively to the average luma of the content before the encoder optimization through luma range adaptation.
The luma range adaptation is considered in relation to the values of samples in a representation of luma samples. The conversion process for converting the sample values of a decoded picture to luma values is not specified in this Specification.
eoi_ratio_luma_sign_flag specifies whether the adaptation of the luma is an increase or a decrease of its average value. If eoi_ratio_luma_sign_flag equals 0, the adaptation results in an increase of the average luma. If eoi_ratio_luma_sign_flag equals 1, the adaptation results in a decrease of the average luma.
The variables ratioSign, which is equal to −1 when the luma range adaptation has resulted in a decrease of average luma values and equal to 1 when the luma range adaptation has resulted in an increase of average luma values, lumaRatioPercentage, indicating the average luma value resulting from the luma range adaptation in relation to the average luma value of the respective source pictures in percentage, and lumaRatioMult, indicating the ratio of the average luma value resulting from the luma range adaptation relative to the average luma value of the respective source pictures, are derived as follows:
ratioSign = 1 − 2 * eoi_ratio_luma_sign_flag
lumaRatioPercentage = 100 + ratioSign * eoi_ratio_luma_value
lumaRatioMult = lumaRatioPercentage ÷ 100
It is a requirement of bitstream conformance that the values of eoi_ratio_luma_value and eoi_ratio_luma_sign_flag shall be such that the value of lumaRatioPercentage is not equal to 0.
NOTE – The value of eoi_ratio_luma_value can be computed at the encoder side as Round( ratioSign * 100 * ( lumaNew − lumaOld ) ÷ lumaOld ), where lumaOld and lumaNew are the average luma sample values of the pictures for which this SEI message persists before and after applying the luma range adaptation.
eoi_display_model is a bit field mask which indicates the recommended display technologies targeted by the luma range adaptation.
Table x5 – Interpretation of eoi_display_model
	bitMask
	Interpretation

	0x01
	Transmissive pixel technology

	0x02
	Emissive pixel technology


[bookmark: _Hlk191471465]eoi_backscale_ratio_value indicates whether and how the decoded luma sample values were scaled back when performing the optimization for luma range adaptation. eoi_backscale_ratio_value equal to 0 indicates that the decoded luma sample values were not scaled back when performing the optimization for luma range adaptation. eoi_backscale_ratio_value greater than 0 indicates that the decoded sample values were multiplied by lumaBackscaleMult for the performed luma range adaptation optimization, where lumaBackscaleMult was derived as follows:
lumaBackscaleMult = eoi_backscale_ratio_value ÷ lumaRatioPercentage
NOTE – Luma range optimization for machine analysis can be done so that the back-scaled decoded luma sample arrays are used as input to one or more machine analysis tasks that produce task accuracy metrics, which are used for luma range optimization. Similarly, decoding systems can use lumaBackscaleMult to multiply the decoded luma sample values to produce back-scaled luma sample arrays, which can be used as input to a machine analysis task.
eoi_object_determination_idc indicates the type of the method to determine objects used for object-based optimization as specified in Table X1. When not present, the value of eoi_object_determination_idc is inferred to be equal to 0. The value of eoi_object_determination_idc shall be in the range of 0 to 1, inclusive, in bitstreams conforming to this version of this Specification. Values of eoi_object_determination_idc greater than 1 are reserved for future use by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. When the value of eoi_object_determination_idc is greater than 1, decoders conforming to this version of this Specification shall ignore eoi_object_determination_idc.
Table X1 – eoi_object_determination_idc
	eoi_object_determination_idc
	type of the method to determine objects

	0
	Unspecified or unknown

	1
	Depth-based object determination


eoi_depth_source_type_idc indicates the origin of the depth information used as specified in Table X2. When not present, the value of eoi_depth_source_type_idc is inferred to be equal to 0, denoting that the type of the depth source is unknown or unspecified. The value of eoi_depth_source_type_idc shall be in the range of 0 to 4, inclusive, in bitstreams conforming to this version of this Specification Values of eoi_depth_source_type_idc greater than 4 are reserved for future use by ITU-T | ISO/IEC. When the value of eoi_depth_source_type_idc is greater than 4, decoders conforming to this version of this Specification shall ignore eoi_depth_source_type_idc.
Table X – eoi_depth_source_type_idc
	eoi_depth_source_type_idc
	type of depth source

	0
	Unspecified

	1
	Estimated from monocular video

	2
	Captured from stereo/multi-camera setup

	3
	Derived from external sensor

	4
	Computer-generated content with depth


eoi_depth_range_count_minus1 plus 1 indicates the number of signalled depth ranges in the range of 1 to 8, inclusive.
eoi_depth_range_in_focus_index indicates the index of the depth range on which the focus of the scene is set. eoi_depth_range_in_focus_index equal to 0 indicates that the focus index is unknown or not applicable, meaning that no specific range is designated as in-focus. Values greater than eoi_depth_range_count_minus1 + 1 are reserved for future use and shall not be present in bitstreams conforming to this version of this Specification.
eoi_depth_range_anchor_mode_idc specifies how the near and far values of the depth ranges are interpreted. 
eoi_depth_range_anchor_mode_idc equal to 0 indicates that the near and far values of the depth ranges are expressed in millimeters. 
eoi_depth_range_anchor_mode_idc equal to 1 indicates that the near and far values of the depth ranges are expressed in percentile (from 0 to 100%).
eoi_depth_range_anchor_mode_idc equal to 2 indicates that the near and far values of the depth ranges are expressed in sample values of the auxiliary depth layer associated with the primary layer that includes this SEI message.
eoi_depth_range_anchor_mode_idc equal to 3 is reserved for future use by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this version of this document.
eoi_depth_range_near_value[ i ] specifies the lower bound of the i-th depth range.
eoi_depth_range_far_value[ i ] specifies the upper bound of the i-th depth range. When eoi_depth_range_far_value[ i ] is equal to 0, the upper bound is interpreted as unbounded (+∞).
eoi_depth_range_quant_th_delta_minus1[ i ] is used to derive quantTh[ i ], indicating the quantization parameter thresholds between depth ranges, as follows:
if( eoi_pic_quant_object_flag )
	quantTh[ eoi_depth_range_count_minus1 ] = PicQuant + eoi_quant_threshold_delta
else
	quantTh[ eoi_depth_range_count_minus1 ] = PicQuant − eoi_quant_threshold_delta	(xx)
for( i = eoi_depth_count_minus1 − 1; i  >=  0; i− − )
	quantTh[ i ] = quantTh[ i + 1 ] − eoi_depth_range_quant_th_delta_minus1[ i ] − 1
Areas belonging to the 0-th depth range have been encoded with quantization parameter less than or equal to quantTh[ 0 ].
Areas belonging to the i-th depth range have been encoded with quantization parameter greater than quantTh[ i − 1 ] and less than or equal to quantTh[ i ], for each value of i in the range of 1 to eoi_depth_range_count_minus1, inclusive, if any.
Areas belonging not belonging to any depth range have been encoded with quantization parameter greater than quantTh[ eoi_depth_range_count_minus1 ]

Modify clause 8.34: Modality information SEI message
[bookmark: _Toc211325560]8.34.1 Modality information SEI message syntax

	modality_info( payloadSize ) {
	Descriptor

		mi_modality_info_cancel_flag
	u(1)

		if( !mi_modality_info_cancel_flag ) {
	

			mi_modality_info_persistence_flag
	u(1)

			mi_modality_type
	u(5)

			mi_spectrum_range_present_flag
	u(1)

			if( mi_spectrum_range_present_flag ) {
	

				mi_min_wavelength_exponent_plus15
	u(5)

				mi_min_wavelength_mantissa
	u(11)

				mi_max_wavelength_exponent_plus15
	u(5)

				mi_max_wavelength_mantissa
	u(11)

			}
	

		}
	

		if( more_data_in_payload( )  &&  payload_extension_present( ) ) {
	

			SeiExtensionBitsPresentFlag = 1
	

			mi_channel_wavelength_info_present_flag
	u(1)

			if( mi_channel_wavelength_info_present_flag )
	

				for( c = 0; c <= 2; c++ ) {
	

					mi_same_wavelength_flag[ c ]
	u(1)

					if ( !mi_same_wavelength_flag[ c ]) {
	

						mi_channel_min_wavelength_mantissa[ c ]
	u(11)

						mi_channel_min_wavelength_exponent_plus15[ c ]
	u(5)

						mi_channel_max_wavelength_mantissa[ c ]
	u(11)

						mi_channel_max_wavelength_exponent_plus15[ c ]
	u(5)

					}
	

				}
	

		}
	

	}
	



[bookmark: _Toc211325561]8.34.2 Modality information SEI message semantics
The modality information SEI message provides information about the source of electromagnetic radiation (such as visible light, infrared, or ultraviolet) used for generating the associated pictures and the wavelength of the spectrum band. As pictures of different modality types serve different purposes, the information conveyed in this SEI message can be used by a receiver to determine the purpose of the associated pictures.
NOTE 1 – The interpretations of mi_modality_type and the wavelength of the spectrum band associated with mi_modality_type are specified by reference to the division of optical radiation specified in ISO 20473.
Use of this SEI message requires the definition of the following variables:
–	An indication of whether SEI message extensions are supported, SeiExtensionEnabledFlag.
mi_modality_info_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of any previous modality information SEI message in output order. mi_modality_info_cancel_flag equal to 0 indicates that modality information follows.
mi_modality_info_persistence_flag specifies the persistence of the modality information SEI message for the current layer.
mi_modality_info_persistence_flag equal to 0 specifies that the modality information SEI message applies to the current decoded picture only.
mi_modality_info_persistence_flag equal to 1 specifies that the modality information SEI message applies to the current decoded picture and persists for all subsequent pictures of the current layer in output order until one or more of the following conditions are true:
–	A new CLVS of the current layer begins.
–	The bitstream ends.
–	A picture in the current layer associated with a modality information SEI message is output that follows the current picture in output order.
mi_modality_type indicates the type of modality of the associated pictures as specified in Table 30. When mi_modality_type is equal to 2 or 3, decoders shall ignore vui_colour_primaries, vui_transfer_characteristics, vui_matrix_coeffs, and vui_full_range_flag indicated in the VUI parameters. Values in the range of 45 to 31, inclusive, for mi_modality_type are reserved for future use by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders conforming to this version of this Specification encountering a modality information SEI message with mi_modality_type in the range of 45 to 31, inclusive, shall ignore the modality information SEI message.
[bookmark: _Ref211266223]Table 30 – Mapping of mi_modality_type to the type of picture modalities
	mi_modality_type
	type of picture modality

	0
	Unspecified, unknown, or determined by other means not specified in this Specification

	1
	Visible picture

	2
	Infrared picture

	3
	Ultraviolet picture 

	4
	Multispectral picture

	45..31
	Reserved for future use 



NOTE 2 – When a reserved value of mi_modality_type is taken into use in the future by ITU-T | ISO/IEC, the syntax of this SEI message could be extended with syntax elements whose presence is conditioned by mi_modality_type being equal to that value or any one of a set of values including that value.
mi_spectrum_range_present_flag equal to 1 specifies that the spectrum band of the electromagnetic radiation wavelength represented by the associated pictures is present in the modality information SEI message. mi_spectrum_range_present_flag equal to 0 specifies that the spectrum band of the electromagnetic radiation wavelength represented by the associated pictures is not present in the modality information SEI message.
mi_min_wavelength_exponent_plus15, when present, minus 15 specifies the exponent part of the variable MinWavelength.
If mi_min_wavelength_mantissa is present and greater than 0, MinWavelength is derived as follows:
MinWavelength = mi_min_wavelength_mantissa * 10 mi_min_wavelength_exponent_plus15 − 15	(114)
Otherwise (mi_min_wavelength_mantissa is not present or equal to 0), MinWavelength is unknown or unspecified or determined by other means not specified in this Specification.
mi_min_wavelength_mantissa, when present, specifies the mantissa part of the variable MinWavelength indicating the minimum wavelength indicating the spectral band of electromagnetic radiation represented by the associated pictures.
mi_max_wavelength_exponent_plus15, when present, minus 15 specifies the exponent part of the variable MaxWavelength.
mi_max_wavelength_mantissa, when present, specifies the mantissa part of the variable MaxWavelength indicating the maximum wavelength indicating the spectral band of electromagnetic radiation represented by the associated pictures.
If mi_max_wavelength_mantissa is present and greater than 0, MaxWavelength is derived as follows:
MaxWavelength = mi_max_wavelength_mantissa * 10 mi_max_wavelength_exponent_plus15 − 15	(115)
Otherwise (mi_max_wavelength_mantissa is not present or equal to 0), MaxWavelength is unknown or unspecified or determined by other means not specified in this Specification.
MinWavelength and MaxWavelength are in units of metres.
When the MinWavelength and MaxWavelength values are greater than 0, the value of MaxWavelength shall be greater than or equal to the value of MinWavelength.
When the value of mi_modality_type is equal to 1, at least one value in the range of MinWavelength to MaxWavelength, inclusive, shall be in the range of 38*10−8 to 78*10−8, inclusive.
When the value of mi_modality_type is equal to 2, at least one value in the range of MinWavelength to MaxWavelength, inclusive, shall be in the range of 78*10−8 to 10−3, inclusive.
When the value of mi_modality_type is equal to 3, at least one value in the range of MinWavelength to MaxWavelength, inclusive, shall be in the range of 10−9 to 38*10−8, inclusive.
mi_channel_wavelength_info_present_flag equal to 1 specifies that channel-level wavelength information is present for a multispectral picture. mi_channel_wavelength_info_present_flag equal to 0 specifies that channel-level wavelength information is not present. When mi_channel_wavelength_info_present_flag is not present, the value of mi_channel_wavelength_info_present_flag is inferred to be equal to 0.
When mi_modality_type is not equal to 4, the value of mi_channel_wavelength_info_present_flag shall be 0. 
mi_same_wavelength_flag[ c ] specifies whether the wavelength range of channel component c is inferred to be equal to the picture-level wavelength range signalled by mi_min_wavelength_mantissa, mi_min_wavelength_exponent_plus15, mi_max_wavelength_mantissa and mi_max_wavelength_exponent_plus15.
· When mi_same_wavelength_flag[ c ] is equal to 1, the wavelength range of channel component c is inferred to be equal to the picture-level wavelength range.
· When mi_same_wavelength_flag[ c ] is equal to 0, the wavelength range of channel component c is signalled by the syntax elements mi_channel_min_wavelength_mantissa[ c ], mi_channel_min_wavelength_exponent_plus15[ c ], mi_channel_max_wavelength_mantissa[ c ], and mi_channel_max_wavelength_exponent_plus15[ c ].
When mi_spectrum_range_present_flag is equal to 0, the value of mi_same_wavelength_flag[ c ] shall be equal to 0.
mi_channel_min_wavelength_mantissa[ c ] when present, specifies the mantissa part of the variable MinChannelWavelength[ c ] indicating the minimum wavelength indicating the spectral band of electromagnetic radiation represented by the c-th channel of the multispectral picture.
mi_channel_min_wavelength_exponent_plus15[ c ] when present, minus 15 specifies the exponent part of the variable MinChannelWavelength[ c ].
If mi_channel_min_wavelength_mantissa[ c ] is present and greater than 0, MinChannelWavelength[ c ] is derived as follows:
MinChannelWavelength[ c ] = 
	mi_channel_min_wavelength_mantissa[ c ] * 10mi_channel_min_wavelength_exponent_plus15[ c ] – 15	 (xxx)
Otherwise (mi_channel_min_wavelength_mantissa[ c ] is not present or equal to 0), MinChannelWavelength[ c ] is unknown or unspecified or determined by other means not specified in this Specification.
mi_channel_max_wavelength_mantissa[ c ] when present, specifies the mantissa part of the variable MaxChannelWavelength[ c ] indicating the maximum wavelength indicating the spectral band of electromagnetic radiation represented by the c-th channel of the multispectral picture.
mi_channel_max_wavelength_exponent_plus15[ c ] when present, minus 15 specifies the exponent part of the variable MaxChannelWavelength[ c ].
If mi_channel_max_wavelength_mantissa[ c ] is present and greater than 0, MaxChannelWavelength[ c ] is derived as follows:
MaxChannelWavelength[ c ] = 
	mi_channel_max_wavelength_mantissa[ c ] * 10mi_channel_max_wavelength_exponent_plus15[ c ] − 15	(xxx)
Otherwise (mi_channel_max_wavelength_mantissa[ c ] is not present or equal to 0), MaxChannelWavelength[ c ] is unknown or unspecified or determined by other means not specified in this Specification.
Modify clause 8.37: Digitally signed content SEI messages for subicture/region-based signing
8.37.2.1 Digitally signed content initialization SEI message syntax

	digitally_signed_content_initialization( payloadSize ) {
	Descriptor

		…
	

		for( i = 1; i <= dsci_num_verification_substreams_minus1; i++ ) 
	

			for( j = 0; j < i ; j++ ) 
	

				dsci_ref_substream_flag[ i ][ j ]
	u(1)

		dsci_vss_implicit_association_mode_flag
	u(1)

		dsci_signed_content_start_flag
	u(1)

		dsci_sei_signing_flag
	u(1)

		while( !byte_aligned( ) )
	

			dsci_alignment_zero_bit
	f(1)

		dsci_key_source_uri
	st(v)

		if( more_data_in_payload( ) && payload_extension_present( ) ) {
	

			SeiExtensionBitsPresentFlag = 1
	

			dsci_picture_segment_mode_flag
	u(1)

			if ( dsci_picture_segment_mode_flag ) {
	

				dsci_num_separate_picture_segments_minus1
	u(8)

				for( i = 0; i  <=  dsci_num_verification_substreams_minus1; i++ ) {
	

					dsci_num_picture_segments_minus1[ i ]
	ue(v)

					for(j = 0; j <= dsci_num_picture_segments_minus1[ i ]; j++)
	

						dsci_picture_segment_id[ i ][ j ]
	ue(v)

				}
	

			}
	

		}
	

	}
	



8.37.2.2 Digitally signed content initialization SEI message semantics
…
dsci_picture_segment_mode_flag equal to 1 specifies that signing of coded picture segments is used. dsci_picture_segment_mode_flag equal to 0 specifies that signing of coded pictures is used. 
When dsci_picture_segment_mode_flag is equal to 1 and there is a DSCS SEI message in a PU, one or more NAL units in the same PU that follows the SEI message in decoding order until the next DSCS SEI message in the PU or the end of the PU, where each of the NAL units is either a non-VCL NAL unit with a NAL unit type identifier among the values in nonVclDigitallySignedNalUnitsList or a VCL NAL unit, are associated to the message digest for the verification substream indicated by the DSCS SEI message.
When the value of dsci_vss_implicit_association_mode_flag is equal to 1, the value of dsci_picture_segment_mode_flag shall be equal to 0.
dsci_num_picture_segments_minus1[ i ] indicates the number of picture segments that are associated with the verification substream with verification substream ID equal to i. The value of dsci_num_picture_segments_minus1[ i ] shall be in the range of 0 to 1 023, inclusive.
dsci_picture_segment_id[ i ][ j ] indicates the j-th picture segment ID of a coded picture segment in the PU to which the SEI message applies, for which the coded picture segment is associated to the verification substream with verification substream ID equal to i. The value of dscs_picture_segment_id [ i ][ j ] shall be in the range of 0 to 1023.
…
8.37.3.1 Digitally signed content selection SEI message syntax

	digitally_signed_content_selection( payloadSize ) {
	Descriptor

		dscs_id
	u(8)

		dscs_verification_substream_id
	u(8)

		if( more_data_in_payload( ) && payload_extension_present( ) ) {
	

			SeiExtensionBitsPresentFlag = 1
	

			dscs_picture_segment_mode_flag
	u(1)

			if ( dscs_picture_segment_mode_flag )
	

				dscs_skip_flag
	u(1)

		}
	

	}
	



…

The value of dsci_picture_segment_mode_flag shall be equal to the value of dsci_picture_segment_mode_flag of the DSCI SEI message with dsci_id equal to dscs_id.
dscs_skip_flag equal to 1 indicated that one or more NAL units in the same PU that follows the SEI message in decoding order until the next DSCS SEI message in the PU or the end of the PU, where each of the NAL units is either a non-VCL NAL unit with a NAL unit type identifier among the values in nonVclDigitallySignedNalUnitsList or a VCL NAL unit, are not associated with any message digest for the verification substream indicated by the DSCS SEI message. In this case, the value of dscs_verification_substream_id is ignored.
8.37.3.2 Digitally signed content selection SEI message semantics
The digitally signed content selection SEI message provides a mechanism for associating verification inclusion NAL units in a PU with one of the verification substreams indicated in a DSCI SEI message with dsci_id equal to dscs_id.
When an AU contains both a DSCI SEI message with a particular dsci_id value dscIdVal and a DSCS SEI message with dscs_id equal to dscIdVal, the DSCI SEI message shall precede the DSCS SEI message in decoding order.
When a CVS does not contain a DSCI SEI message with a particular dsci_id value dscIdVal, the CVS shall not contain a DSCS SEI message with dscs_id equal to dscIdVal.
When a DSCS SEI message is present in any PU and dsci_picture_segment_mode_flag is equal to 0, it shall precede all verification inclusion NAL units in the PU.
…
DSC interface text:
Modify AVC clause D.3.8
D.3.8 Use of the digitally signed content initialization, digitally signed content selection, and digitally signed content verification SEI messages
For purposes of interpretation of the digitally signed content initialization, digitally signed content selection, and digitally signed content verification SEI messages, the following variables are specified:
–	The list NonVclDigitallySignedNalUnitsList is set to consist of nal_unit_type values 7, 8, 15 and 16.
–	If a VCL NAL unit or its associated prefix NAL unit has dependency_id and quality_id in its NAL unit header, the variable LayerId is set equal to DQId, which is equal to ( dependency_id  <<  4 ) + quality_id. Otherwise, if the VCL NAL unit or its associated prefix NAL unit has view_id in its NAL unit header, LayerId is set equal to view_id. Otherwise, if the VCL NAL unit or its associated prefix NAL unit has view_idx and depth_flag in its NAL unit header, LayerId is set equal to ( view_idx  <<  1 ) + depth_flag. Otherwise, LayerId is set equal to 0.
–	If a VCL NAL unit or its associated prefix NAL unit has temporal_id in its NAL unit header, the variable SubLrId is set equal to temporal_id. Otherwise, SubLrId is set equal to 0.
–	The variable MaxNumSubLrs is set equal to 8.
The value of dsci_picture_segment_mode_flag shall be equal to 0.
Modify HEVC clause D.4.6
D.4.6 Use of the digitally signed content initialization, digitally signed content selection, and digitally signed content verification SEI messages
For purposes of interpretation of the digitally signed content initialization, digitally signed content selection, and digitally signed content verification SEI messages, the following variables are specified:
–	The list NonVclDigitallySignedNalUnitsList is set to consist of nal_unit_type values 32, 33, and 34.
–	For a VCL NAL unit, the variable LayerId is set equal to nuh_layer_id.
–	For a VCL NAL unit, the variable SubLrId is set equal to TemporalId.
–	The variable MaxNumSubLrs is set equal to vps_max_sub_layers_minus1 + 1.
The value of dsci_picture_segment_mode_flag shall be equal to 0.
Modify VVC clause D.12.17
D.12.17 Use of the digitally signed content initialization, digitally signed content selection, and digitally signed content verification SEI messages
For purposes of interpretation of the digitally signed content initialization, digitally signed content selection, and digitally signed content verification SEI messages, if dsci_picture_segment_mode_flag is equal to 0,  the list nonVclDigitallySignedNalUnitsList is set to consist of the NAL unit types with nal_unit_type values 14, 15, 16, 17, 18, and 19, otherwise (dsci_picture_segment_mode_flag is equal to 1), the list nonVclDigitallySignedNalUnitsList is set to consist of the NAL unit types with nal_unit_type values 14, 17 , 18, and 19. 
The value of dsci_picture_segment_mode_flag shall be equal to 0 if sps_subpic_info_present_flag is equal to 0.
When dsci_picture_segment_mode_flag is equal to 1, for each dsci_picture_segment_id[ i ][ j ] for i in the range of 0 to dsci_num_verification_substreams_minus1, inclusive, j in the range of 0 to dsci_num_picture_segments_minus1[ i ], inclusive, there shall be k in the range 0 to sps_num_subpics_minus1, inclusive, such that dsci_picture_segment_id[ i ][ j ] is equal to SubpicIdVal[ k ], and the value of sps_subpic_treated_as_pic_flag[ k ] value is equal to 1.
For each verification substream specified by the DSCI SEI message, let substrA and substrIdA be a verification substream and its verification substream ID, respectively, where substrIdA is in the range from 0 to dsci_num_verification_substreams_minus1, inclusive. It is a bitstream conformance that the bitstream representing the union of all subpictures associated with verification substreams included in subStrIdA, when decoded, shall produce a picture area that is rectangular in its shape and with no gaps.

Modify clause 8.39: Packed regions information SEI message
8.39 Packed regions information SEI message
8.39.1	Packed regions information SEI message syntax

	packed_regions_info( payloadSize ) {
	Descriptor

		pri_cancel_flag
	u(1)

		if( !pri_cancel_flag ) {
	

			pri_persistence_flag
	u(1)

			pri_num_regions_minus1
	ue(v)

			pri_multilayer_flag
	u(1)

			pri_use_max_dimensions_flag
	u(1)

			pri_log2_unit_size
	u(4)

			pri_region_size_len_minus1
	u(4)

			pri_region_id_present_flag
	u(1)

			pri_target_pic_params_present_flag
	u(1)

			if( pri_target_pic_params_present_flag ) {
	

				pri_target_pic_width_minus1
	u(16)

				pri_target_pic_height_minus1
	u(16)

			}
	

			pri_num_resampling_ratios_minus1
	ue(v)

			for( i = 1; i  <=  pri_num_resampling_ratios_minus1; i++ ) {
	

				pri_resampling_width_num_minus1[ i ]
	ue(v)

				pri_resampling_width_denom_minus1[ i ]
	ue(v)

				pri_fixed_aspect_ratio_flag[ i ]
	u(1)

				if( !pri_fixed_aspect_ratio_flag[ i ] ) {
	

					pri_resampling_height_num_minus1[ i ]
	ue(v)

					pri_resampling_height_denom_minus1[ i ]
	ue(v)

				}
	

			}
	

			for( i = 0; i  <=  pri_num_regions_minus1; i++ ) {
	

				if( pri_region_id_present_flag )
	

					pri_region_id[ i ]
	ue(v)

				if( pri_multilayer_flag ) {
	

					pri_region_layer_id[ i ]
	ue(v)

					pri_region_is_a_layer_flag[ i ]
	u(1)

				}
	

				if( !pri_region_is_a_layer_flag[ i ] ) {
	

					pri_region_top_left_in_units_x[ i ]
	u(v)

					pri_region_top_left_in_units_y[ i ]
	u(v)

					pri_region_width_in_units_minus1[ i ]
	u(v)

					pri_region_height_in_units_minus1[ i ]
	u(v)

				}
	

				if( pri_num_resampling_ratios_minus1 > 0 )
	

					pri_resampling_ratio_idx[ i ]
	u(v)

				if( pri_target_pic_params_present_flag )
	

					pri_target_region_top_left_in_units_x[ i ]
	u(v)

					pri_target_region_top_left_in_units_y[ i ]
	u(v)

				}
	

			}
	

		}
	

		if( more_data_in_payload( )  &&  payload_extension_present( ) ) {
	

			SeiExtensionBitsPresentFlag = 1
	

			if( pri_target_pic_params_present_flag ) {
	

				pri_target_colour_format_idc
	u(2)

				pri_target_luma_bitdepth_minus8
	ue(v)

				if( pri_target_colour_format_idc  !=  0 )
	

					pri_target_chroma_bitdepth_minus8
	ue(v)

			}
	

		}
	

	}
	



8.39.2	Packed regions information SEI message semanitcs
...
The packed regions information (PRI) SEI message provides information regarding rectangular regions packed with the coded pictures of one or more layers. This information may optionally be used to reconstruct a target picture from the samples of the cropped decoded picture(s) corresponding to the regions described in this SEI message. 
Use of this SEI message requires the definition of the following variables:
–	For each layer with a particular layer identifier value pri_region_layer_id[ i ], a picture width and picture height in units of luma samples, denoted herein by PicWidthInLumaSamples[ pri_region_layer_id[ i ] ] and PicHeightInLumaSamples[ pri_region_layer_id[ i ] ], respectively.
–	For each layer with a particular layer identifier value pri_region_layer_id[ i ], a maximum picture width and maximum picture height in units of luma samples, denoted herein by MaxPicWidth[ pri_region_layer_id[ i ] ] and MaxPicHeight[ pri_region_layer_id[ i ] ], respectively.
–	For each layer with a particular layer identifier value pri_region_layer_id[ i ], aA chroma format indicator, denoted herein by ChromaFormatIdc[ pri_region_layer_id[ i ] ], as described in subclause 7.3.
–	For each layer with a particular layer identifier value pri_region_layer_id[ i ], aA bit depth for the samples of the luma component, denoted herein by BitDepthValY[ pri_region_layer_id[ i ] ], and when ChromaFormatIdc is not equal to 0, a bit depth for the samples of the two associated chroma components, denoted herein by BitDepthValC[ pri_region_layer_id[ i ] ].
...
pri_target_pic_width_minus1 plus 1 and pri_target_pic_height_minus1 plus 1, when present, indicate the width and height, respectively, in luma samples, of the target picture that may be reconstructed from the samples of the cropped decoded picture corresponding to the regions described in this SEI message.
The value of ( pri_target_pic_width_minus1 + 1 ) % SubWidthC shall be equal to 0. The value of ( pri_target_pic_height_minus1 + 1 ) % SubHeightC shall be equal to 0.
The variables SubWidthC and SubHeightC are derived from ChromaFormatIdc as specified by Table 2.
...
pri_target_colour_format_idc specifies the chroma format indicator of the target picture that may be reconstructed from the samples of the cropped decoded picture corresponding to the regions described in this SEI message, as described in clause 7.3. When not present and pri_target_pic_params_present_flag is equal to 1, the value of pri_target_colour_format_idc is inferred to be equal to the maximum value of ChromaFormatIdc[ pri_region_layer_id[ i ] ] for i in the range of 0 to pri_num_regions_minus1, inclusive.
pri_target_luma_bitdepth_minus8 plus 8 specifies the luma bit depth of the target picture that may be reconstructed from the samples of the cropped decoded picture corresponding to the regions described in this SEI message. The value of pri_target_luma_bitdepth_minus8 shall be in the range of 0 to 8. When not present and pri_target_pic_params_present_flag is equal to 1, the value of pri_target_luma_bitdepth_minus8 is inferred to be equal to the maximum value of ( BitDepthValY[ pri_region_layer_id[ i ] ] − 8 ) for i in the range of 0 to pri_num_regions_minus1, inclusive.
pri_target_chroma_bitdepth_minus8 plus 8 specifies the chroma bit depth of the target picture that may be reconstructed from the samples of the cropped decoded picture corresponding to the regions described in this SEI message. The value of pri_target_luma_bitdepth_minus8 shall be in the range of 0 to 8. When not present, and pri_target_pic_params_present_flag is equal to 1 and pri_target_colour_format_idc is not equal to 0, the value of pri_target_chroma_bitdepth_minus8 is inferred to be equal to the maximum value of ( BitDepthValC[ pri_region_layer_id[ i ] ] − 8 ) for i in the range of 0 to pri_num_regions_minus1, inclusive.
...
The target picture reconstruction process should be performed, region by region, in increasing order of pri_region_id[ i ]. In this case, when a sample in the target picture relates to two or more regions, the reconstruction result from the region with a greater pri_region_id[ i ] overwrites the reconstruction result from the region with a smaller pri_region_id[ i ]. For each region, the reconstruction process should convert chroma format from ChromaFormatIdc[ pri_region_layer_id[ i ] ] to pri_target_colour_format_idc, luma bit depth from BitDepthValY[ pri_region_layer_id[ i ] ] to ( pri_target_luma_bitdepth_minus8 + 8 ) and chroma bit depth from BitDepthValC[ pri_region_layer_id[ i ] ] to ( pri_target_chroma_bitdepth_minus8 + 8 ).
(VVC interface text) D.12.20 Use of the packed regions information SEI message
For purposes of interpretation of the packed regions information SEI message, the following variables are specified:
–	For each layer with layer ID equal to a particular value of pri_region_layer_id[ i ], PicWidthInLumaSamples[ pri_region_layer_id[ i ] ] is set equal to the value of pps_pic_width_in_luma_samples − ‌SubWidthC * ‌ ( pps_conf_win_left_offset + pps_conf_win_right_offset ).
–	For each layer with layer ID equal to a particular value of pri_region_layer_id[ i ], PicHeightInLumaSamples[ pri_region_layer_id[ i ] ] is set equal to the value of pps_pic_height_in_luma_samples − ‌SubHeightC * ‌ ( pps_conf_win_top_offset + pps_conf_win_bottom_offset ).
–	For each layer with layer ID equal to a particular value of pri_region_layer_id[ i ], MaxPicWidth[ pri_region_layer_id[ i ] ] is set equal to the value of sps_pic_width_in_luma_samples − ‌SubWidthC * ‌ ( sps_conf_win_left_offset + sps_conf_win_right_offset ).
–	For each layer with layer ID equal to a particular value of pri_region_layer_id[ i ], MaxPicHeight[ pri_region_layer_id[ i ] ] is set equal to the value of sps_pic_height_in_luma_samples − ‌SubHeightC * ‌ ( sps_conf_win_top_offset + sps_conf_win_bottom_offset ).
–	For each layer with layer ID equal to a particular value of pri_region_layer_id[ i ], ChromaFormatIdc[ pri_region_layer_id[ i ] ] is set equal to sps_chroma_format_idc of a layer with layer ID equal to any value of pri_region_layer_id[ i ] for i ranging from 0 to pri_num_regions_minus1, inclusive.
–	For each layer with layer ID equal to a particular value of pri_region_layer_id[ i ], BitDepthValY[ pri_region_layer_id[ i ] ] and BitDepthValC[ pri_region_layer_id[ i ] ] are both set equal to BitDepth of a layer with layer ID equal to any value of pri_region_layer_id[ i ] for i ranging from 0 to pri_num_regions_minus1, inclusive.
When a packed regions information SEI message with pri_cancel_flag equal to 0 is present in a CVS, it is a requirement of bitstream conformance that all layers in the CVS with layer ID values among the values of pri_region_layer_id[ i ] for i ranging from 0 to pri_num_regions_minus1, inclusive, shall be associated with the same value of sps_chroma_format_idc and the same value of BitDepth.
...

Add clause 8.41: Film grain regions characteristics SEI message
[bookmark: _Toc31037485]8.41 Film grain regions characteristics SEI message
8.41.1 Film grain regions characteristics SEI message syntax

	film_grain_regions_characteristics( payloadSize ) {
	Descriptor

		fgr_cancel_flag
	u(1)

		if( !fgr_cancel_flag ) {
	

			fgr_spatial_resolution_present_flag
	u(1)

			if( fgr_spatial_resolution_present_flag ) {
	

				fgr_pic_width_in_luma_samples
	ue(v)

				fgr_pic_height_in_luma_samples
	ue(v)

			}
	

			fgr_region_based_adaptation_flag
	u(1)

			if( fgr_region_based_adaptation_flag )
	

				fgr_single_model_flag
	u(1)

			else {
	

				fgr_alpha_channel_adaptation_flag
	u(1)

				if( fgr_alpha_channel_adaptation_flag )
	

					fgr_alpha_layer_idx
	ue(v)

			}
	

			if( fgr_single_model_flag )
	

				fgr_model_id
	u(2)

			fgr_separate_colour_description_present_flag
	u(1)

			if( fgr_separate_colour_description_present_flag ) {
	

				fgr_bit_depth_luma_minus8
	u(3)

				fgr_bit_depth_chroma_minus8
	u(3)

				fgr_full_range_flag
	u(1)

				fgr_colour_primaries
	u(8)

				fgr_transfer_characteristics
	u(8)

				fgr_matrix_coeffs
	u(8)

			}
	

			fgr_blending_mode_id
	u(2)

			fgr_log2_scale_factor
	u(4)

			for( m = 0; m < nbFgrModels; m++) {
	

				for( c = 0; c < 3; c++ )
	

					fgr_comp_model_present_flag[ m ][ c ]
	u(1)

				for( c = 0; c < 3; c++ )
	

					if( fgr_comp_model_present_flag[ m ][ c ] ) {
	

						fgr_num_intensity_intervals_minus1[ m ][ c ]
	u(8)

						fgr_num_model_values_minus1[ m ][ c ]
	u(3)

						for( i = 0; i  <=  fgr_num_intensity_intervals_minus1[ m ][ c ]; i++ ) {
	

							fgr_intensity_interval_lower_bound[ m ][ c ][ i ]
	u(8)

							fgr_intensity_interval_upper_bound[ m ][ c ][ i ]
	u(8)

							for( j = 0; j  <=  fgr_num_model_values_minus1[ m ][ c ]; j++ )
	

								fgr_comp_model_value[ m ][ c ][ i ][ j ]
	se(v)

						}
	

					}
	

			}
	

			if( fgr_region_based_adaptation_flag ) {
	

				fgr_active_regions_number_minus1
	u(8)

				for( i = 0; i <= fgr_active_regions_number_minus1; i++ ) {
	

					fgr_region_top[ i ]
	ue(v)

					fgr_region_left[ i ]
	ue(v)

					fgr_region_width_minus1[ i ]
	ue(v)

					fgr_region_height_minus1[ i ]
	ue(v)

					fgr_film_grain_enabled_flag[ i ]
	u(1)

					if( fgr_film_grain_enabled_flag[ i ] ) {
	

						if (!fgr_single_model_flag) 
	

							fgr_regions_model_id[ i ]
	u(2)

						for( c = 0; c < 3; c++ )
	

							if ( fgr_comp_model_present_flag[ fgr_regions_model_id[ i ] ][ c ] ) {
	

								fgr_region_interval_min[ i ][ c ]
	u(8)

								fgr_region_interval_max[ i ][ c ]
	u(8)

							}
	

					}
	

				}
	

			}
	

			fgr_persistence_flag
	u(1)

		}
	

	}
	



8.41.2 Film grain regions characteristics SEI message semantics
This SEI message provides the decoder with a parameterized model for a film grain synthesis process. The film grain synthesis process should be applied to the decoded pictures prior to their display.
Compared to the FGC SEI message defined in 8.5, this SEI message also provides the decoder with parameters defining how to apply locally the film grain synthesis.
NOTE  – When both a film grain characteristics SEI message and a film grain regions characteristics SEI message are present for a picture, there is an SPO SEI message that includes both film grain characteristic SEI messages and film grain regions characteristics SEI message, and a decoding system chooses to apply the processing chain specified by the SPO SEI message, the decoding system is intended to process these SEI messages according to the processing chain specified by the SPO SEI message. When both a film grain characteristics SEI message and a film grain regions characteristics SEI message are present for a picture and neither of these SEI messages is included in a PON SEI message, the decoding system can choose either of these SEI messages to be treated as the implicit single-processing-stage case specified by clause 8.30.3.
Use of this SEI message requires the definition of the following variables:
–	A picture width and picture height in units of luma samples, denoted herein by PicWidthInLumaSamples and PicHeightInLumaSamples, respectively.
–	An input picture InPic[ c ] where c = 0..2, to which the film grain regions characteristics SEI message applies.
–	When the syntax element fgr_separate_colour_description_present_flag of the film grain regions characteristics SEI message is equal to 0, the following additional variables:
–	A chroma format indicator, denoted herein by ChromaFormatIdc, as described in clause 7.3.
–	A bit depth for the samples of the luma component, denoted herein by BitDepthY, and a bit depth for the samples of the two associated chroma components, denoted herein by BitDepthC.
[bookmark: _Hlk202084483]The variables fgrPicWidth and fgrPicHeight are derived as follows:
–	If fgr_pic_width_in_luma_samples and fgr_pic_height_in_luma_samples are not present, fgrPicWidth and fgrPicHeight are set equal to PicWidthInLumaSamples and PicHeightInLumaSamples, respectively.
–	Otherwise, fgrPicWidth and fgrPicHeight are set equal to fgr_pic_width_in_luma_samples and fgr_pic_height_in_luma_samples, respectively.
The film grain models specified in the film grain regions characteristics SEI message are expressed for application to pictures that have 4:4:4 colour format with luma and chroma bit depths and a width of fgrPicWidth and height of fgrPicHeight corresponding to the luma and chroma bit depths of the film grain model and use the same colour representation domain as the identified film grain model. When the colour format of InPic is not 4:4:4 or InPic uses a different luma or chroma bit depth or a different width or height from that of the film grain model or uses a different colour representation domain from that of the identified film grain model, an unspecified conversion process is expected to be applied to convert InPic to the form that is expressed for application of the film grain model.
NOTE 1 – Because the use of a specific method is not required for performing the film grain generation function used by the display process, a decoder could, if desired, down-convert the model information in order to simulate film grain for other picture dimension or chroma formats (4:2:0 or 4:2:2) rather than up-converting the decoded video (using a method not specified in this Specification) before performing film grain generation.
fgr_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of any previous film grain regions characteristics SEI message in output order that applies to the current layer. fgr_cancel_flag equal to 0 indicates that film grain regions characteristics follows.
fgr_spatial_resolution_present_flag equal to 1 specifies that syntax elements defining the spatial resolution for the film grain synthesis are present in the SEI message. fgr_spatial_resolution_present_flag equal to 0 indicates that no syntax elements for spatial resolution of the film grain synthesis are present in the SEI message.
fgr_pic_width_in_luma_samples indicates the width of the picture in luma samples that the parameters in the film grain regions characteristics SEI message applies to. When present, the value of fgr_pic_width_in_luma_samples shall be in the range of 1 to 65 536, inclusive. The value of fgr_pic_width_in_luma_samples equal to 0 is reserved for future use by ITU T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders conforming to this version of this Specification shall ignore film grain characteristics SEI messages with fgr_pic_width_in_luma_samples equal to 0.
fgr_pic_height_in_luma_samples indicates the height of the picture in luma samples that the parameters in the film grain regions characteristics SEI message applies to. When present, the value of fgr_pic_height_in_luma_samples shall be in the range of 1 to 65 536, inclusive. The value of fgr_pic_height_in_luma_samples equal to 0 is reserved for future use by ITU T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders conforming to this version of this Specification shall ignore film grain characteristics SEI messages with fgr_pic_height_in_luma_samples equal to 0.
fgr_region_based_adaptation_flag equal to 1 indicates that the spatial adaption of the film grain is defined per each region of the present SEI message and described by a rectangle. When not present in the film grain regions characteristics SEI message, fgr_region_based_adaptation_flag is inferred to be equal to 0.
fgr_single_model_flag equal to 0 indicates that the fgr_regions_model_id[ i ] syntax element is present and that the fgr_model_id syntax element is not present. fgr_single_model_flag equal to 1 indicates that the fgr_model_id syntax element is present and that the fgr_regions_model_id[ i ] syntax element is not present. When not present, fgr_single_model_flag is inferred to be equal to 1.
The variable nbFgrModels is set to ( 2 – fgr_single_model_flag ).
fgr_model_id identifies the film grain simulation model as specified in Table 5. The value of fgr_model_id shall be in the range of 0 to 1, inclusive. The values of 2 and 3 for fgr_model_id are reserved for future use by ITU‑T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders shall ignore film grain regions characteristics SEI messages with fgr_model_id equal to 2 or 3.
[bookmark: _Ref21912787][bookmark: _Ref81401429][bookmark: _Toc37056126][bookmark: _Ref81401413][bookmark: _Toc246350773][bookmark: _Toc501130643][bookmark: _Toc503770651][bookmark: _Toc259024422][bookmark: _Toc143862520][bookmark: _Toc415476515]Table 5 – fgr_model_id values

	Value
	Description

	0
	Frequency filtering

	1
	Auto-regression


The variable fgrModelId[ m ] is defined as follows, for m=0, 1:
–	if fgr_single_model_flag is equal to 0, fgrModelId[ m ] is set equal to m, for m=0, 1
–	otherwise (fgr_single_model_flag is equal to 1), fgrModelId[ 0 ] is set equal to fgr_model_id and fgrModelId[ 1 ] is set equal to –1.
fgr_alpha_channel_adaptation_flag equal to 1 indicates that the decoded alpha planes coded in auxiliary pictures of type AUX_ALPHA are applied to the simulated film grain values defined in the present SEI message prior to be applied are associated primary picture. fgr_alpha_channel_adaptation_flag equal to 0 indicates that decoded alpha planes from auxiliary pictures of type AUX_ALPHA, when present, are not applied to the simulated film grain values. When not present, fgr_alpha_channel_adaptation_flag is inferred to be equal to 0.
When a CVS does not contain an SDI SEI message with sdi_aux_id[ i ] equal to 1 for at least one value of i, decoders conforming to this version of this Specification shall ignore (i.e., remove from the bitstream and discard) the FGRC SEI messages with fgr_alpha_channel_adaptation_flag equal to 1.
It is a requirement of bitstream conformance that, when fgr_alpha_channel_adaptation_flag is equal to 1, an SDI SEI message sdiA that satisfies all the following shall be present in the same CVS:
–	Let currLayerId and currLayerIdx be the layer identifier of the current layer and the index of the current layer in the SDI SEI message such that sdi_layer_id[ currLayerIdx ] is equal to currLayerId, repectively.
–	There is at least one value of i in the range of 0 to sdi_max_layers_minus1, inclusive, such that sdi_aux_id[ i ] is equal to 1.
–	There is at least one value j in the range of 0 to sdi_num_associated_layers_minus1[ i ], inclusive, such that sdi_associated_layer_idx[ i ][ j ] is equal to currLayerIdx.
–	sdiA precedes the FRGC SEI message in decoding order.
The variable FgrNumAuxLayer indicating the number of alpha auxiliary layers associated with the current primary layer and the array FgrAuxLayerId[ i ] indicating the layer identifier of the i-th alpha auxiliary layer associated with the current primary layer are derived as follows.
FgrNumAuxLayer = 0;
for( i = 0; i  <=  sdi_max_layers_minus1; i++ )
	if( sdi_aux_id[ i ]  = =  AUX_ALPHA )
		for( j = 0; j  <=  sdi_num_associated_layers_minus1[ i ]; j++ ) 	(xx)
			if( sdi_layer_id[ sdi_associated_layer_idx[ i ][ j ] ]  = =  fgrPrimaryLayerId ) {
				FgrAuxLayerId[ FgrNumAuxLayer ] = sdi_layer_id[ i ]
				FgrNumAuxLayer++
			}
where fgrPrimaryLayerId is the layer identifier of the current primary layer.
When fgr_alpha_channel_adaptation_flag is equal to 1, it is a requirement of bitstream conformance that FgrNumAuxLayer shall be greater than 0.
fgr_alpha_layer_idx, when present, specifies the index of the alpha auxiliary layer that is associated with this FGRC SEI message among all the alpha auxiliary layers associated with the current primary layer. The value of fgr_alpha_layer_idx shall be less than FgrNumAuxLayer. The alpha auxiliary layer that is associated with this FGRC SEI message has the layer identifier value equal to FgrAuxLayerId[ fgr_alpha_layer_idx ].
When an access unit contains an auxiliary picture picA in a layer with layer identifier equal to FgrAuxLayerId[ fgr_alpha_layer_idx ], the alpha channel sample values of picA persist in output order until one or more of the following conditions are true:
–	The next picture, in output order, with layer identifier equal to FgrAuxLayerId[ fgr_alpha_layer_idx ] is output.
–	A CLVS containing the auxiliary picture picA ends.
–	The bitstream ends.
–	A CLVS of any associated primary layer of the auxiliary picture layer with layer identifier equal to FgrAuxLayerId[ fgr_alpha_layer_idx ] ends.
fgr_separate_colour_description_present_flag equal to 1 indicates that a distinct combination of luma bit depth, chroma bit depth, video full range flag, colour primaries, transfer characteristics, and matrix coefficients for the film grain characteristics specified in the SEI message is present in the film grain regions characteristics SEI message syntax. fgr_separate_colour_description_present_flag equal to 0 indicates that the combination of luma bit depth, chroma bit depth, video full range flag, colour primaries, transfer characteristics, and matrix coefficients for the film grain characteristics specified in the SEI message are the same as indicated in VUI parameters for the CLVS.
NOTE 2 – When fgr_separate_colour_description_present_flag is equal to 1, any of the luma bit depth, chroma bit depth, video full range flag, colour primaries, transfer characteristics, and matrix coefficients specified for the film grain characteristics specified in the SEI message could differ from that for the pictures in the CLVS.
When VUI parameters are not present for the CLVS or the value of vui_colour_description_present_flag is equal to 0, and equivalent information to that conveyed when vui_colour_description_present_flag is equal to 1 is not conveyed by external means, fgr_separate_colour_description_present_flag shall be equal to 1.
The input image Î, which may be the decoded picture or converted from the decoded picture, used in the equations in this clause is in the same colour representation domain as the simulated film grain signal. Therefore, when any of these parameters does differ from that for the pictures in CLVS, the input image Î used in the equations in this clause would be in a different colour representation domain than that for the pictures in the CLVS. For example, when the value of fgr_bit_depth_luma_minus8 + 8 is greater than BitDepthY (i.e., the bit depth of the luma component of the pictures in the CLVS), the bit depth of the input image Î used in the equations in this clause is also greater than BitDepthY. In such a case, the input image Î would be generated by converting the actual decoded picture to be in the same colour representation domain as the simulated film grain signal. The process for converting an actual decoded picture to the 4:4:4 colour format with same colour representation domain as the simulated film grain signal is not specified in this Specification.
fgr_bit_depth_luma_minus8 plus 8 specifies the bit depth used for the luma component of the film grain characteristics specified in the SEI message. When fgr_bit_depth_luma_minus8 is not present in the film grain regions characteristics SEI message, the value of fgr_bit_depth_luma_minus8 is inferred to be equal to BitDepthY − 8.
The value of fgBitDepth[ 0 ] is derived as follows:
fgBitDepth[ 0 ] = fgr_bit_depth_luma_minus8 + 8		(19)
fgr_bit_depth_chroma_minus8 plus 8 specifies the bit depth used for the Cb and Cr components of the film grain characteristics specified in the SEI message. When fgr_bit_depth_chroma_minus8 is not present in the film grain regions characteristics SEI message, the value of fgr_bit_depth_chroma_minus8 is inferred to be equal to BitDepthC − 8.
The value of fgBitDepth[ c ] for c = 1 and 2 is derived as follows:
fgBitDepth[ c ] = fgr_bit_depth_chroma_minus8 + 8, with c = 1, 2	(20)
fgr_full_range_flag has the same semantics as specified in clause 7.3 for the vui_full_range_flag syntax element, except as follows:
–	fgr_full_range_flag specifies the video full range flag of the film grain characteristics specified in the SEI message, rather than the video full range flag used for the CLVS.
–	When fgr_full_range_flag is not present in the film grain regions characteristics SEI message, the value of fgr_full_range_flag is inferred to be equal to vui_full_range_flag.
fgr_colour_primaries has the same semantics as specified in clause 7.3 for the vui_colour_primaries syntax element, except as follows:
–	fgr_colour_primaries specifies the colour primaries of the film grain characteristics specified in the SEI message, rather than the colour primaries used for the CLVS.
–	When fgr_colour_primaries is not present in the film grain regions characteristics SEI message, the value of fgr_colour_primaries is inferred to be equal to vui_colour_primaries.
fgr_transfer_characteristics has the same semantics as specified in clause 7.3 for the vui_transfer_characteristics syntax element, except as follows:
–	fgr_transfer_characteristics specifies the transfer characteristics of the film grain characteristics specified in the SEI message, rather than the transfer characteristics used for the CLVS.
–	When fgr_transfer_characteristics is not present in the film grain regions characteristics SEI message, the value of fgr_transfer_characteristics is inferred to be equal to vui_transfer_characteristics.
fgr_matrix_coeffs has the same semantics as specified in clause 7.3 for the vui_matrix_coeffs syntax element, except as follows:
–	fgr_matrix_coeffs specifies the matrix coefficients of the film grain characteristics specified in the SEI message, rather than the matrix coefficients used for the CLVS.
–	When fgr_matrix_coeffs is not present in the film grain regions characteristics SEI message, the value of fgr_matrix_coeffs is inferred to be equal to vui_matrix_coeffs.
–	The values allowed for fgr_matrix_coeffs are not constrained by the chroma format of the decoded video pictures that is indicated by the value of ChromaFormatIdc for the semantics of the VUI parameters.
fgr_matrix_coeffs shall not be equal to 0, 16, or 17 unless fgr_bit_depth_luma_minus8 is equal to fgr_bit_depth_chroma_minus8.
NOTE 3 – When the above condition is true and vui_matrix_coeffs is equal to 0, 16 or 17, fgr_matrix_coeffs is expected to be present.
fgr_matrix_coeffs shall not be equal to 8 unless one of the following conditions is true:
–	fgr_bit_depth_luma_minus8 is equal to fgr_bit_depth_chroma_minus8.
–	fgr_bit_depth_chroma_minus8 is equal to fgr_bit_depth_luma_minus8 + 1.
NOTE 4 – When one of the above two conditions is true and vui_matrix_coeffs is equal to 8, fgr_matrix_coeffs is expected to be present.
fgr_blending_mode_id identifies the blending mode used to blend the simulated film grain with the input images as specified in Table 6. fgr_blending_mode_id shall be in the range of 0 to 1, inclusive. The values of 2 and 3 for fgr_blending_mode_id are reserved for future use by ITU‑T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders shall ignore film grain characteristic SEI messages with fgr_blending_mode_id equal to 2 or 3.
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	Value
	Description

	0
	Additive

	1
	Multiplicative



The parameter alphaBlending is derived as follows:
–	alphaBlending is initialized to 0
–	When the following conditions are true, alphaBlending is set equal to 1
–	fgr_alpha_channel_adaptation_flag is equal to 1
–	the alpha channel values of an auxiliary picture with layer identifier equal to FgrAuxLayerId[ fgr_alpha_layer_idx ] persist for the current AU as specified above 
If alphaBlending is equal to 0, depending on the value of fgr_blending_mode_id, the blending mode is specified as follows:
–	If fgr_blending_mode_id is equal to 0, the blending mode is additive as specified by:
Igrain[ c ][ x ][ y ] = Clip3( 0, ( 1  <<  fgBitDepth[ c ] ) − 1, Î[ c ][ x ][ y ] + G[ c ][ x ][ y ] )	(21)
–	Otherwise (fgr_blending_mode_id is equal to 1), the blending mode is multiplicative as specified by:
Igrain[ c ][ x ][ y ] = Clip3( 0, ( 1  <<  fgBitDepth[ c ] ) − 1, Î[ c ][ x ][ y ] +	(22)
			Round( ( Î[ c ][ x ][ y ] * G[ c ][ x ][ y ] ) ÷ ( ( 1  <<  fgBitDepth[ c ] ) − 1 ) ) )
Otherwise (alphaBlending is equal to 1), depending on the value of fgr_blending_mode_id, the simulated film grain values are weighted by the auxiliary data as follows:
–	If fgr_blending_mode_id is equal to 0, the blending mode is additive as specified by:
Igrain[ c ][ x ][ y ] = Clip3( 0, ( 1  <<  fgBitDepth[ c ] ) − 1, Î[ c ][ x ][ y ] + 
	Round( G[ c ][ x ][ y ] * Iaux[ 0 ][ x ][ y ] ) ÷ ( 1 << auxBitDepth[ 0 ] ) − 1 ) ) 	(xx)
–	Otherwise (fgr_blending_mode_id is equal to 1), the blending mode is multiplicative as specified by:
Igrain[ c ][ x ][ y ] = Clip3( 0, ( 1  <<  fgBitDepth[ c ] ) − 1, Î[ c ][ x ][ y ] +
	Round( ( Î[ c ][ x ][ y ] * G[ c ][ x ][ y ] * Iaux[ 0 ][ x ][ y ] ) ) ÷
	( ( 1 << ( fgBitDepth[ c ] + auxBitDepth[ 0 ] ) ) − 1 ) ) ) 	(xx)
[bookmark: _Hlk202084585][bookmark: _Hlk203644317][bookmark: _Hlk202084643]where Î[ c ][ x ][ y ] represents the sample value at coordinates x, y of the colour component c of the input image Î, G[ c ][ x ][ y ] is the simulated film grain value at the same position and colour component, fgBitDepth[ c ] is the number of bits used for each sample in a fixed-length unsigned binary representation of the arrays Igrain[ c ][ x ][ y ], Î[ c ][ x ][ y ], and G[ c ][ x ][ y ], Iaux[ 0 ][ x ][ y ] represents the sample value at coordinates x, y of the colour component c of the decoded auxiliary picture with layer identifier equal to FgrAuxLayerId[ fgr_alpha_layer_idx ], auxBitDepth[ 0 ] is the number of bits used for each sample in a fixed-length unsigned binary representation of the array Iaux[ 0 ][ x ][ y ], where c = 0..2, x = 0.. fgrPicWidth − 1, and y = 0 .. fgrPicHeight − 1.
NOTE 5 – A decoder can resample the decoded auxiliary picture so that Iaux, Î, and G have the same width and the same height.
fgr_log2_scale_factor specifies a scale factor used in the film grain characterization equations.
fgr_comp_model_present_flag[ m ][ c ] equal to 0 indicates that syntax elements specifying modelling of film grain on colour component c are not present in the SEI message and film grain with model id fgrModelId[ m ] is not modelled on the c-th colour component, where c equal to 0 refers to the luma component, c equal to 1 refers to the Cb component, and c equal to 2 refers to the Cr component. fgr_comp_model_present_flag[ m ][ c ] equal to 1 indicates that syntax elements specifying modelling of film grain with model id fgrModelId[ m ] on colour component c are present in the SEI message.
When fgr_separate_colour_description_present_flag is equal to 0 and ChromaFormatIdc is equal to 0, the value of fgr_comp_model_present_flag[ m ][ 1 ] and fgr_comp_model_present_flag[ m ][ 2 ] shall be equal to 0.
fgr_num_intensity_intervals_minus1[ m ][ c ] plus 1 specifies the number of intensity intervals for which a specific set of model values has been estimated for model id fgrModelId[ m ].
NOTE 6 – The intensity intervals could overlap in order to simulate multi-generational film grain.
fgr_num_model_values_minus1[ m ][ c ] plus 1 specifies the number of model values present for each intensity interval in which the film grain has been modelled for model id fgrModelId[ m ]. The value of fgr_num_model_values_minus1[ m ][ c ] shall be in the range of 0 to 5, inclusive.
fgr_intensity_interval_lower_bound[ m ][ c ][ i ] specifies the lower bound for model id fgrModelId[ m ] of the i-th intensity interval for which the set of model values applies.
fgr_intensity_interval_upper_bound[ m ][ c ][ i ] specifies the upper bound for model id fgrModelId[ m ] of the i-th intensity interval for which the set of model values applies.
The value of fgr_intensity_interval_upper_bound[ m ][ c ][ i ] shall be greater than or equal to the value of fgr_intensity_interval_lower_bound[ m ][ c ][ i ].
The variable intensityIntervalIdx[ c ][ x ][ y ][ j ] represents the j-th index to the list of intensity intervals selected for the sample value Î[ c ][ x ][ y ] for c = 0..2, x = 0.. fgrPicWidth − 1, y = 0.. fgrPicHeight − 1, and j = 0..numApplicableIntensityIntervals[ c ][ x ][ y ] − 1, where numApplicableIntensityIntervals[ c ][ x ][ y ] is derived as described below.
The minimum and maximum interval index for the sample of colour component c at coordinate x, y, intensityIntervalMin[ c ][ x ][ y ] and intensityIntervalMin[ c ][ x ][ y ], respectively, are derived as follows:
· If fgr_region_based_adaptation_flag is equal to 0, intensityIntervalMin[ c ][ x ][ y ] is set equal to 0 and intensityIntervalMax[ c ][ x ][ y ] is set equal to fgr_num_intensity_intervals_minus1[ m ][ c ]
· [bookmark: _Hlk162643427][bookmark: _Hlk162643433]Otherwise, intensityIntervalMax[ c ][ x ][ y ] and intensityIntervalMin[ c ][ x ][ y ] are derived as follows:
intensityIntervalMin[ c ][ x ][ y ] = 1
intensityIntervalMax[ c ][ x ][ y ] = 0
for( i = 0; i <= fgr_active_regions_number_minus1; i++ )
	if ( x >= fgr_region_left[ i ] && x < fgr_region_left[ i ] + fgr_region_width_minus1[ i ] + 1 &&
			y >= fgr_region_top[ i ] && y < fgr_region_top[ i ] + fgr_region_height_minus1[ i ] + 1 )
		if ( fgr_film_grain_enabled_flag[ i ] ) {	(23)
			intensityIntervalMin[ c ][ x ][ y ] = fgr_region_interval_min[ i ][ c ]
			intensityIntervalMax[ c ][ x ][ y ] = fgr_region_interval_max[ i ][ c ]
		} else {
			intensityIntervalMin[ c ][ x ][ y ] = 1
			intensityIntervalMax[ c ][ x ][ y ] = 0
	}
The parameter fgrModelidValue[ x ][ y ] for the sample at coordinate x, y is derived as follows:
–	If fgr_region_based_adaptation_flag is equal to 0, fgrModelidValue[ x ][ y ] is set to be equal to the fgr_model_id value.
–	Otherwise, fgrModelidValue[ x ][ y ] is derived as follows:
fgrModelidValue[ x ][ y ] = 0
for( i = 0; i <= fgr_active_regions_number_minus1; i++ )
	if ( x >= fgr_region_left[ i ] && x < fgr_region_left[ i ] + fgr_region_width_minus1[ i ] + 1 &&
			y >= fgr_region_top[ i ] && y < fgr_region_top[ i ] + fgr_region_height_minus1[ i ] + 1 )
		if ( fgr_film_grain_enabled_flag[ i ] ) 		(24)
			fgrModelidValue[ x ][ y ] = fgr_regions_model_id[ i ]
Depending on the value of fgrModelidValue[ x ][ y ], the selection of the one or more intensity intervals for the sample value Î[ c ][ x ][ y ] is specified as follows:
–	The variable numApplicableIntensityIntervals[ c ][ x ][ y ] is initially set equal to 0.
–	If fgrModelidValue[ x ][ y ] is equal to 0, the following applies:
· The top-left sample location ( xB, yB ) of the current 8x8 block b that contains the sample value Î[ c ][ x ][ y ] is derived as ( xB, yB ) = ( x / 8, y / 8 ).
· The average value bavg of the current 8x8 block b is derived as follows:
sum8x8 = 0
for( i = 0; i < 8; i++ )
	for( j = 0; j < 8; j++ )
		sum8x8  +=  Î[ c ][ xB * 8 + i ][yB * 8 + j ]	(25)
bavg = Clip3( 0, 255, ( sum8x8 + ( 1  <<  ( fgBitDepth[ c ] − 3 ) ) )  >>  ( fgBitDepth[ c ] − 2 ) )
· The value of intensityIntervalIdx[ c ][ x ][ y ][ j ] is derived as follows:
for( i = intensityIntervalMin[ c ][ x ][ y ], j = 0; i <= intensityIntervalMax[ c ][ x ][ y ]; i++ )
	if( bavg  >=  fgr_intensity_interval_lower_bound[ fgrModelidValue[ x ][ y ] ][ c ][ i ]  &&
			bavg  <=  fgr_intensity_interval_upper_bound[ fgrModelidValue[ x ][ y ] ][ c ][ i ] ) {
		intensityIntervalIdx[ c ][ x ][ y ][ j ] = i		(26)
		j++
	}
numApplicableIntensityIntervals[ c ][ x ][ y ] = j
–	Otherwise (fgrModelidValue[ x ][ y ] is equal to 1), the value of intensityIntervalIdx[ c ][ x ][ y ][ j ] is derived as follows:
I8[ c ][ x ][ y ] = ( fgBitDepth[ c ]  = =  8 ) ? ( Î[ c ][ x ][ y ] :
		Clip3( 0, 255, ( Î[ c ][ x ][ y ] + ( 1  <<  ( fgBitDepth[ c ] − 9 ) ) )  >>  ( fgBitDepth[ c ] − 8 ) )
for( i = intensityIntervalMin[ c ][ x ][ y ], j = 0; i <= intensityIntervalMax[ c ][ x ][ y ]; i++ )
	if( I8[ c ][ x ][ y ]  >=  fgr_intensity_interval_lower_bound[ fgrModelidValue[ x ][ y ] ] [ c ][ i ]  &&	
			I8[ c ][ x ][ y ]  <=  fgr_intensity_interval_upper_bound[ fgrModelidValue[ x ][ y ] ] [ c ][ i ] ) 	{
		intensityIntervalIdx[ c ][ x ][ y ][ j ] = i
		j++			(27)
	}
numApplicableIntensityIntervals[ c ][ x ][ y ] = j
Samples that do not fall into any of the defined intervals (i.e., those samples for which the value of numApplicableIntensityIntervals[ c ][ x ][ y ] is equal to 0) are not modified by the grain generation function. Samples that fall into more than one interval (i.e., those samples for which the value of numApplicableIntensityIntervals[ c ][ x ][ y ] is greater than 1) will originate multi-generation grain. Multi-generation grain results from adding the grain computed independently for each of the applicable intensity intervals.
In the equations in the remainder of this clause, the variable sj in each instance of the list fgr_comp_model_value[ m ][ c ][ sj ] is the value of intensityIntervalIdx[ c ][ x ][ y ][ j ] derived for the sample value Î[ c ][ x ][ y ].
fgr_comp_model_value[ m ][ c ][ i ][ j ] specifies the j-th model value for the colour component c and the i-th intensity interval for model id fgrModelId[ m ]. The set of model values has different meaning depending on the value of fgrModelId[ m ].
The value of fgr_comp_model_value[ m ][ c ][ i ][ j ] is constrained as follows, and could be additionally constrained as specified elsewhere in this clause:
–	If fgrModelId[ m ]is equal to 0, fgr_comp_model_value[ m ][ c ][ i ][ j ] shall be in the range of 0 to 2fgBitDepth[ c ] − 1, inclusive.
–	Otherwise (fgrModelId[ m ]is equal to 1), fgr_comp_model_value[ m ][ c ][ i ][ j ] shall be in the range of −2( fgBitDepth[ c ] − 1 ) to 2( fgBitDepth[ c ] − 1 ) − 1, inclusive.
Depending on the value of fgrModelidValue[ x ][ y ], the synthesis of the film grain is modelled as follows, for c = 0..2, x = 0.. fgrPicWidth − 1, and y = 0.. fgrPicHeight − 1:
–	If fgrModelidValue[ x ][ y ] is equal to 0, a frequency filtering model enables simulating the original film grain as specified by:
G[ c ][ x ][ y ] = ( fgr_comp_model_value[ m ][ c ][ sj ][ 0 ] * Q[ c ][ x ][ y ] + fgr_comp_model_value[ m ][ c ][ sj ][ 5 ] *
		G[ c − 1 ][ x ][ y ] )  >>  fgr_log2_scale_factor	(28)
	where Q[ c ] is a two-dimensional random process generated by filtering 16x16 blocks gaussRv with random-valued elements gaussRvij generated with a normalized Gaussian distribution (independent and identically distributed Gaussian random variable samples with zero mean and unity variance) and where the value of an element G[ c − 1 ][ x ][ y ] used in the right-hand side of the equation is inferred to be equal to 0 when c − 1 is less than 0.
NOTE 7 – A normalized Gaussian random variable can be generated from two independent, uniformly distributed random values over the interval from 0 to 1 (and not equal to 0), denoted as uRv0 and uRv1, using the Box-Muller transformation specified by:
gaussRvi,j = Sqrt( −2 * Ln( uRv0 ) ) * Cos( 2 * π * uRv1 )	(29)
where  is Archimedes' constant 3.141 592 653 589 793....
	The band-pass filtering of blocks gaussRv can be performed in the discrete cosine transform (DCT) domain as follows:
for( y = 0; y < 16; y++ )
	for( x = 0; x < 16; x++ )
		if( ( x < fgr_comp_model_value[ m ][ c ][ sj ][ 3 ]  &&  y < fgr_comp_model_value[ m ][ c ][ sj ][ 4 ] )  | |	
				x > fgr_comp_model_value[ m ][ c ][ sj ][ 1 ]  | |  y > fgr_comp_model_value[ m ][ c ][ sj ][ 2 ] )
			gaussRv[ x ][ y ] = 0		(30)
filteredRv = IDCT16x16( gaussRv )
	where IDCT16x16( z ) refers to a unitary inverse discrete cosine transformation (IDCT) operating on a 16x16 matrix argument z as specified by:
IDCT16x16( z ) = r * z * rT		(31)
	where the superscript T indicates a matrix transposition and r is the 16x16 matrix with elements rij specified by:
		(32)
	where  is Archimedes' constant 3.141 592 653 589 793....
	Q[ c ] is formed by the frequency-filtered blocks filteredRv.
NOTE 8 – Coded model values are based on blocks of size 16x16, but a decoder implementation could use other block sizes. For example, decoders implementing the IDCT on 8x8 blocks could down-convert by a factor of two the set of coded model values fgr_comp_model_value[ m ][ c ][ sj ][ i ] for i equal to 1..4.
NOTE 9 – To reduce the degree of visible blocks that result from mosaicking the frequency-filtered blocks filteredRv, decoders could apply a low-pass filter to the boundaries between frequency-filtered blocks.
–	Otherwise (fgrModelidValue[ x ][ y ] is equal to 1), an auto-regression model enables simulating the original film grain as specified by:
G[ c ][ x ][ y ] = ( fgr_comp_model_value[ m ][ c ][ sj ][ 0 ] * n[ c ][ x][ y ] +
		fgr_comp_model_value[ m ][ c ][ sj ][ 1 ] * ( G[ c ][ x − 1 ][ y ] +
		( ( fgr_comp_model_value[ m ][ c ][ sj ][ 4 ] * G[ c ][ x ][ y − 1 ] )  >>
		fgr_log2_scale_factor ) ) + fgr_comp_model_value[ m ][ c ][ sj ][ 3 ] *
		( ( fgr_comp_model_value[ m ][ c ][ sj ][ 4 ] * ( G[ c ][ x − 1 ][ y − 1 ] + G[ c ][ x + 1 ][ y − 1 ] ) )  >>
		fgr_log2_scale_factor ) +		(33)
		fgr_comp_model_value[ m ][ c ][ sj ][ 5 ] * ( G[ c ][ x − 2 ][ y ] +
		( ( fgr_comp_model_value[ m ][ c ][ sj ][ 4 ] * fgr_comp_model_value[ m ][ c ][ sj ][ 4 ] * G[ c ][ x ][ y − 2 ] )  >>
		( 2 * fgr_log2_scale_factor ) ) ) +
		fgr_	comp_model_value[ c ][ sj ][ 2 ] * G[ c − 1 ][ x ][ y ] )  >>  fgr_log2_scale_factor
	where n[ c ][ x ][ y ] is a random value with normalized Gaussian distribution (independent and identically distributed Gaussian random variable samples with zero mean and unity variance for each value of c, x, and y) and where the value of an element G[ c ][ x ][ y ] used in the right-hand side of the equation is inferred to be equal to 0 when any of the following conditions are true:
–	c is less than 0,
–	x is less than 0,
–	y is less than 0.
fgr_comp_model_value[ m ][ c ][ i ][ 0 ] provides the first model value for the model of id fgrModelId[ m ]. fgr_comp_model_value[ m ][ c ][ i ][ 0 ] corresponds to the standard deviation of the Gaussian noise term in the generation functions specified in Equations 28 through 33.
When not present in the film grain region characteristics SEI message, fgr_comp_model_value[ m ][ c ][ i ][ 0 ] is inferred to be equal to 0.
fgr_comp_model_value[ m ][ c ][ i ][ 1 ] provides the second model value for the model of id fgrModelId[ m ]. When fgrModelId[ m ] is equal to 0, fgr_comp_model_value[ m ][ c ][ i ][ 1 ] shall be greater than or equal to 0 and less than 16.
When not present in the film grain regions characteristics SEI message, fgr_comp_model_value[ m ][ c ][ i ][ 1 ] is inferred as follows:
–	If fgrModelId[ m ] is equal to 0, fgr_comp_model_value[ m ][ c ][ i ][ 1 ] is inferred to be equal to 8.
–	Otherwise (fgrModelId[ m ] is equal to 1), fgr_comp_model_value[ m ][ c ][ i ][ 1 ] is inferred to be equal to 0.
fgr_comp_model_value[ m ][ c ][ i ][ 1 ] is interpreted as follows:
–	If fgrModelId[ m ] is equal to 0, fgr_comp_model_value[ m ][ c ][ i ][ 1 ] indicates the horizontal high cut frequency to be used to filter the DCT of a block of 16x16 random values.
–	Otherwise (fgrModelId[ m ] is equal to 1), fgr_comp_model_value[ m ][ c ][ i ][ 1 ] indicates the first order spatial correlation for neighbouring samples ( x − 1, y ) and ( x, y − 1 ).
fgr_comp_model_value[ m ][ c ][ i ][ 2 ] provides the third model value for the model as specified by model id fgrModelId[ m ]. When fgrModelId[ m ] is equal to 0, fgr_comp_model_value[ m ][ c ][ i ][ 2 ] shall be greater than or equal to 0 and less than 16.
When not present in the film grain regions characteristics SEI message, fgr_comp_model_value[ m ][ c ][ i ][ 2 ] is inferred as follows:
–	If fgrModelId[ m ] is equal to 0, fgr_comp_model_value[ m ][ c ][ i ][ 2 ] is inferred to be equal to fgr_comp_model_value[ m ][ c ][ i ][ 1 ]
–	Otherwise (fgrModelId[ m ] is equal to 1), fgr_comp_model_value[ m ][ c ][ i ][ 2 ] is inferred to be equal to 0.
fgr_comp_model_value[ m ][ c ][ i ][ 2 ] is interpreted as follows:
–	If fgrModelId[ m ] is equal to 0, fgr_comp_model_value[ m ][ c ][ i ][ 2 ] indicates the vertical high cut frequency to be used to filter the DCT of a block of 16x16 random values.
–	Otherwise (fgrModelId[ m ] is equal to 1), fgr_comp_model_value[ m ][ c ][ i ][ 2 ] indicates the colour correlation between consecutive colour components.
fgr_comp_model_value[ m ][ c ][ i ][ 3 ] provides the fourth model value for the model as specified by model id fgrModelId[ m ]. When fgrModelId[ m ] is equal to 0, fgr_comp_model_value[ m ][ c ][ i ][ 3 ] shall be greater than or equal to 0 and less than or equal to fgr_comp_model_value[ m ][ c ][ i ][ 1 ].
When not present in the film grain regions characteristics SEI message, fgr_comp_model_value[ m ][ c ][ i ][ 3 ] is inferred to be equal to 0.
fgr_comp_model_value[ m ][ c ][ i ][ 3 ] is interpreted as follows:
–	If fgrModelId[ m ] is equal to 0, fgr_comp_model_value[ m ][ c ][ i ][ 3 ] indicates the horizontal low cut frequency to be used to filter the DCT of a block of 16x16 random values.
–	Otherwise (fgrModelId[ m ] is equal to 1), fgr_comp_model_value[ m ][ c ][ i ][ 3 ] indicates the first order spatial correlation for neighbouring samples ( x − 1, y − 1 ) and ( x + 1, y − 1 ).
fgr_comp_model_value[ m ][ c ][ i ][ 4 ] provides the fifth model value for the model as specified by model id fgrModelId[ m ]. When fgrModelId[ m ]is equal to 0, fgr_comp_model_value[ m ][ c ][ i ][ 4 ] shall be greater than or equal to 0 and less than or equal to fgr_comp_model_value[ m ][ c ][ i ][ 2 ].
When not present in the film grain regions characteristics SEI message, fgr_comp_model_value[ m ][ c ][ i ][ 4 ] is inferred to be equal to 0.
fgr_comp_model_value[ m ][ c ][ i ][ 4 ] is interpreted as follows:
–	If fgrModelId[ m ]is equal to 0, fgr_comp_model_value[ m ][ c ][ i ][ 4 ] indicates the vertical low cut frequency to be used to filter the DCT of a block of 16x16 random values.
–	Otherwise (fgrModelId[ m ]is equal to 1), fgr_comp_model_value[ m ][ c ][ i ][ 4 ] indicates the aspect ratio of the modelled grain.
fgr_comp_model_value[ m ][ c ][ i ][ 5 ] provides the sixth model value for the model as specified by model id fgrModelId[ m ].
When not present in the film grain regions characteristics SEI message, fgr_comp_model_value[ m ][ c ][ i ][ 5 ] is inferred to be equal to 0.
fgr_comp_model_value[ m ][ c ][ i ][ 5 ] is interpreted as follows:
–	If fgrModelId[ m ]is equal to 0, fgr_comp_model_value[ m ][ c ][ i ][ 5 ] indicates the colour correlation between consecutive colour components.
–	Otherwise (fgrModelId[ m ]is equal to 1), fgr_comp_model_value[ m ][ c ][ i ][ 5 ] indicates the second order spatial correlation for neighbouring samples ( x, y − 2 ) and ( x − 2, y ).
fgr_active_regions_number_minus1 plus 1 indicates the number of regions for which the film grain adaptation is specified. fgr_active_regions_number_minus1 shall be in the range of 0 to 255, inclusive.
fgr_region_top[ i ], fgr_region_left[ i ], fgr_region_width_minus1[ i ] plus 1, and fgr_region_height_minus1[ i ] plus 1 specify the coordinates of the top-left corner and the width and height, respectively, of the bounding box of the i-th region in the picture.
The value of fgr_region_left[ i ] shall be in the range of 0 to fgrPicWidth − 1, inclusive.
The value of fgr_region_top[ i ] shall be in the range of 0 to fgrPicHeight − 1, inclusive.
The value of fgr_region_width_minus1[ i ] shall be in the range of 0 to fgrPicWidth − fgr_region_left [ i ] − 1, inclusive.
The value of fgr_region_height_minus1[ i ] shall be in the range of 0 to fgrPicHeight − fgr_region_top[ i ] − 1, inclusive.
fgr_regions_model_id[ i ] identifies the film grain simulation model as specified in Table 5 for the i-th region in the picture. The value of fgr_regions_model_id[ i ] shall be in the range of 0 to 1, inclusive. The values of 2 and 3 for fgr_regions_model_id[ i ] are reserved for future use by ITU‑T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. When not present and when fgr_film_grain_enabled_flag[ i ]  is equal to 1, fgr_regions_model_id[ i ] is set equal to fgr_model_id. Decoders shall ignore film grain regions characteristics SEI messages with fgr_regions_model_id[ i ] equal to 2 or 3.
[bookmark: _Hlk221535253]fgr_film_grain_enabled_flag[ i ] equal to 1 indicates that the film grain characteristics using region intervals are applied on the i-th region. fgr_film_grain_enabled_flag[ i ] equals to 0 indicates that no film grain synthesis is applied to the i-th region of the current picture.
fgr_region_interval_min[ i ][ c ] and fgr_region_interval_max[ i ][ c ] specify the range of interval indexes for color component c that are applicable to the i-th region. fgr_region_interval_min[ i ][ c ] shall be in the range of 0 to fgr_num_intensity_intervals_minus1[ c ], inclusive, and fgr_region_interval_max[ i ][ c ] shall be in the range of fgr_region_interval_min[ i ][ c ] to fgr_num_intensity_intervals_minus1[ c ], inclusive.
NOTE 10 – Overlapping regions are processed in the increasing order of region index i, which means that a sample belonging to the region with index i=N with min and max film grain intervals indexes equal to x and y, respectively, and also belonging to region with index i=M (with M>N) with min and max film grain intervals indexes equal to x’ and y’, respectively, is processed with film grain characteristics defined with min and max film grain intervals indexes equal to x’ and y’.
fgr_persistence_flag specifies the persistence of the film grain regions characteristics SEI message for the current layer.
fgr_persistence_flag equal to 0 specifies that the film grain regions characteristics SEI message applies to the current decoded picture only.
fgr_persistence_flag equal to 1 specifies that the film grain regions characteristics SEI message applies to the current decoded picture and persists for all subsequent pictures of the current layer in output order until one or more of the following conditions are true:
–	A new CLVS of the current layer begins.
–	The bitstream ends.
–	A picture in the current layer in an AU associated with a film grain regions characteristics SEI message is output that follows the current picture in output order.

Add clause 8.42: Constituent rectangles SEI message
8.42 Constituent rectangles SEI message
8.42.1 Constituent rectangles SEI message syntax

	constituent_rectangles( payloadSize ) {
	Descriptor

		cr_enhanced_chroma_format_enabled_flag
	u(1)

		cr_num_layers_minus1
	ue(v)

		for( lIdx = 0; lIdx  <=  cr_num_layers_minus1; lIdx ++ ) {
	

			cr_layer_id[ lIdx ]
	ue(v)

			if( lIdx>0 ) {
	

				cr_reuse_layout_flag[ lIdx ]
	u(1)

				if( cr_reuse_layout_flag[ lIdx ] )
	

					cr_reuse_layer_idx[ lIdx ]
	ue(v)

			}
	

			if( lIdx = = 0 | | !cr_reuse_layout_flag[ lIdx ] )
	

				cr_num_rects_in_layer_minus1[ lIdx ]
	u(8)

		}
	

		cr_rect_id_enabled_flag
	u(1)

		cr_associated_rect_id_enabled_flag
	u(1)

		cr_num_groups
	ue(v)

		if( cr_rect_id_enabled_flag  | |  cr_associated_rect_id_enabled_flag )
	

			cr_rect_id_len_minus1
	u(4)

		cr_subpic_idx_enabled_flag
	u(1)

		if( cr_subpic_idx_enabled_flag )
	

			cr_subpic_idx_len_minus1
	u(4)

		cr_rect_type_enabled_flag
	u(1)

		if( cr_enhanced_chroma_format_enabled_flag )
	

			for( i = 0; i < cr_num_groups; i++ ) {
	

				cr_group_enhanced_chroma_format_idc[ i ]
	u(2)

				if( cr_group_enhanced_chroma_format_idc[ i ] > 0 ) {
	

					cr_colour_description_present_flag[ i ]
	u(1)

					if( cr_colour_description_present_flag[ i ] ) {
	

						cr_vui_layer_id_present_flag[ i ]
	u(1)

						if( cr_vui_layer_id_present_flag[ i ] )
	

							cr_vui_layer_id[ i ]
	ue(v)

						else {
	

							cr_colour_primaries[ i ]
	u(8)

							cr_transfer_characteristics[ i ]
	u(8)

							cr_matrix_coeffs[ i ]
	u(8)

							cr_full_range_flag[ i ]
	u(1)

						}
	

					}
	

				}
	

			}
	

		cr_rect_type_description_enabled_flag
	u(1)

		for( lIdx = 0; lIdx  <=  cr_num_layers_minus1; lIdx++ )
	

			if( lIdx  = =  0  | |  !cr_reuse_layout_flag[ lIdx ] ) {
	

				cr_subpics_partitioning_flag[ lIdx ]
	u(1)

				if( !cr_subpics_partitioning_flag [ lIdx ]) {
	u(1)

					cr_rect_same_size_flag[ lIdx ]
	u(1)

					if( cr_rect_same_size_flag[ lIdx ] ) {
	

						cr_num_cols_minus1[ lIdx ]
	ue(v)

						cr_num_rows_minus1[ lIdx ]
	ue(v)

						cr_guardbands_present_flag[ lIdx ]
	u(1)

						if( cr_guardbands_present_flag[ lIdx ] ) {
	

							cr_guardband_hor_size[ lIdx ]
	ue(v)

							cr_guardband_ver_size[ lIdx ]
	ue(v)

						}
	

					} else {
	

						cr_log2_unit_size[ lIdx ]
	u(4)

						cr_rect_size_len_minus1[ lIdx ]
	u(4)

					}
	

				}
	

				for( i = 0; i  <=  cr_num_rects_in_layer_minus1[ lIdx ]; i++ )
	

					if ( cr_rect_type_enabled_flag ) {
	

						cr_rect_type_present_flag[ lIdx ][ i ]
	u(1)

						if ( cr_rect_type_present_flag[ lIdx ][ i ] )
	

							cr_rect_type_idc[ lIdx ][ i ]
	u(8)

					}
	

					if( cr_rect_id_enabled_flag ) {
	

						cr_rect_id_present_flag[ lIdx ][ i ]
	u(1)

						if( cr_rect_id_present_flag[ lIdx ][ i ] )
	

							cr_rect_id[ lIdx ][ i ]
	u(v)

					}
	

					if( cr_rect_type_idc[ lIdx ][ i ]  !=  255 ) {
	

						if( cr_associated_rect_id_enabled_flag  &&  cr_rect_type_idc[ lIdx ][ i ]  !=  0  &&  cr_rect_type_idc[ lIdx ][ i ]  !=  4 ) {
	

							cr_associated_rect_id_present_flag[ lIdx ][ i ]
	u(1)

							if( cr_associated_rect_id_present_flag[ lIdx ][ i ] ) {
	

								cr_associated_rect_layer_idx_present_flag[ lIdx ][ i ]
	u(1)

								if( cr_associated_rect_layer_idx_present_flag[ lIdx ][ i ] )
	

									cr_associated_rect_layer_idx[ lIdx ][ i ]
	ue(v)

	[bookmark: _Hlk167963297]							cr_associated_rect_id[ lIdx ][ i ]
	u(v)

							}
	

						}
	

						if( cr_num_groups > 1 )
	

							cr_rect_group_idx[ lIdx ][ i ]
	u(v)

						if( cr_rect_type_description_enabled_flag )
	

							cr_rect_type_description_present_flag[ lIdx ][ i ]
	u(1)

					}
	

					if( cr_subpics_partitioning_flag[ lIdx ] )
	

						if( cr_subpic_idx_enabled_flag )
	

							cr_subpic_idx[ lIdx ][ i ]
	u(v)

					else if( !cr_rect_same_size_flag[ lIdx ] ) {
	 

						cr_rect_top_left_in_units_x[ lIdx ][ i ]
	u(v)

						cr_rect_top_left_in_units_y[ lIdx ][ i ]
	u(v)

						cr_rect_width_in_units_minus1[ lIdx ][ i ]
	u(v)

						cr_rect_height_in_units_minus1[ lIdx ][ i ]
	u(v)

					}
	

				}
	

				if( cr_rect_type_description_enabled_flag ) {
	 

					while( !byte_aligned( ) )
	

						cr_bit_equal_to_zero /* equal to 0 */
	f(1)

					for( i = 0; i  <=  cr_num_rects_in_layer_minus1[ lIdx ]; i++ )
	

						if( cr_rect_type_description_present_flag[ lIdx ][ i ] )
	

							cr_rect_type_description[ lIdx ][ i ]
	st(v)

				}
	

			}
	

	}
	



8.42.2 Constituent rectangles SEI message semantics
The constituent rectangles SEI message enables composition of multiple rectangles within a coded picture in one or more layers and provides information about the rectangles, including ID, type, text description, location, and size. 
Use of this SEI message requires the definition of the following variables:
–	For each layer with layer identifier equal to a particular value of cr_layer_id[ lIdx ], for lIdx in the range from 0 to cr_num_layers_minus1, inclusive, a picture width and picture height in units of luma samples, denoted herein by PicWidthInLumaSamples[ cr_layer_id[ lIdx ] ] and PicHeightInLumaSamples[ cr_layer_id[ lIdx ] ], respectively.
–	For each layer with layer identifier equal to a particular value of cr_layer_id[ lIdx ], for lIdx in the range from 0 to cr_num_layers_minus1, inclusive, a maximum picture width and maximum picture height in units of luma samples, denoted herein by MaxPicWidth[ cr_layer_id[ lIdx ] ] and MaxPicHeight[ cr_layer_id[ lIdx ] ], respectively.
–	For each layer with layer identifier equal to a particular value of cr_layer_id[ lIdx ], for lIdx in the range from 0 to cr_num_layers_minus1, inclusive, a chroma format indicator, denoted herein by ChromaFormatIdc[ cr_layer_id[ lIdx ] ], as described in clause 7.3.
–	For each layer with layer identifier equal to a particular value of cr_layer_id[ lIdx ], for lIdx in the range from 0 to cr_num_layers_minus1, inclusive, a subpicture count, denoted by NumSubpics[ cr_layer_id[ lIdx ] ].
–	For each layer with layer identifier equal to a particular value of cr_layer_id[ lIdx ], for lIdx in the range from 0 to cr_num_layers_minus1, inclusive, arrays of the top left X and Y positions of the subpictures, denoted herein by SubPicTopLeftX[ cr_layer_id[ lIdx ] ][ i ] and SubPicTopLeftY[ cr_layer_id[ lIdx ] ][ i ], respectively.
–	For each layer with layer identifier equal to a particular value of cr_layer_id[ lIdx ], for lIdx in the range from 0 to cr_num_layers_minus1, inclusive, arrays of the width and height of the subpictures, denoted herein by SubPicTopLeftX[ cr_layer_id[ lIdx ] ][ i ] and SubPicTopLeftY[ cr_layer_id[ lIdx ] ][ i ], respectively.
When a constituent rectangles SEI message is present for any picture of a CLVS of a particular layer, a constituent rectangles SEI message shall be present for the first picture of the CLVS in decoding order. The constituent rectangles SEI message persists for the current layer in decoding order from the current picture until the end of the CLVS. All constituent rectangles SEI messages that apply to the same CLVS shall have the same content.
When a constituent rectangles SEI message is present for a picture of a CLVS of a particular layer, but there is no SEI message of the same type present for the first picture of the CLVS, a decoder should process the constituent rectangles SEI message as if an SEI message of the same type were present for the first picture of the CLVS with the same content as the present constituent rectangles SEI message.
cr_enhanced_chroma_format_enabled_flag equal to 1 specifies that the cr_group_enhanced_chroma_format_idc[ i ] syntax element may be present. cr_enhanced_chroma_format_enabled_flag equal to 0 specifies that the cr_group_enhanced_chroma_format_idc[ i ] syntax element is not present. 
cr_num_layers_minus1 plus 1 specifies the number of layers for which constituent rectangles are described in the SEI message.
[bookmark: _Hlk178865171][bookmark: _Hlk192766240]cr_layer_id[ lIdx ] specifies the layer identifier of the lIdx-th layer. The value of cr_layer_id[ lIdx ] shall be in the range of 0 to 2 047, inclusive.
NOTE 1 – The value range of cr_layer_id[ lIdx ] can be further restricted in the interface texts in specific video coding standard specifications.
The variable lId is set equal to cr_layer_id[ lIdx ].
When this SEI message is present in any layer in the current AU, it is a requirement of bitstream conformance that a CR SEI message with the same payload content is present in the layer with layer identifier equal to the lowest value of cr_layer_id[ i ] for i in the range from 0 to cr_num_layers_minus1, inclusive.
cr_reuse_layout_flag[ lIdx ] equal to 1 specifies that the CR layout-related parameters of the lIdx-th layer are reused from a previous layer index. cr_reuse_layout_flag[ lIdx ] equal to 0 specifies the CR layout-related parameters of the lIdx-th layer are explicitly signalled. When not present, cr_reuse_layout_flag[ lIdx ] is inferred to be equal to 0.
cr_reuse_layer_idx[ lIdx ], when present, indicates from which layer index the configuration of the lIdx-th layer is replicated. cr_reuse_layer_idx[ lIdx ] shall be less than lIdx.
cr_num_rects_in_layer_minus1[ lIdx ] plus 1 specifies the number of the number of constituent rectangles in the lIdx-th layer for which information is signalled in the SEI message. When not present and cr_reuse_layout_flag[ lIdx ] is equal to 1, the value of cr_num_rects_in_layer_minus1[ lIdx ] is inferred to be equal to cr_num_rects_in_layer_minus1[ cr_reuse_layer_idx[ lIdx ] ].
The variable CrNumRects is derived as follows:
	CrNumRects = 0
	for( lIdx= 0; lIdx <= cr_num_layers_minus1; lIdx ++ )
		CrNumRects += cr_num_rects_in_layer_minus1[ lIdx ] + 1
cr_rect_id_enabled_flag equal to 1 specifies that the cr_rect_id_present_flag[ lIdx ] [ i ] syntax element is present in the SEI message. cr_rect_id_present_flag equal to 0 specifies that the cr_rect_id_present_flag[ lIdx ][ i ] syntax element is not present in the SEI message.
cr_associated_rect_id_enabled_flag equal to 1 specifies that the cr_associated_rect_id_present_flag[ i ] syntax elements may be present in the SEI message. cr_associated_rect_id_enabled_flag equal to 0 specifies that the cr_associated_rect_id_present_flag[ i ] syntax elements are not present in the SEI message.
cr_num_groups specifies the maximum number of rectangle groups described in the SEI message. The value of cr_num_groups shall be in the range of 0 to CrNumRects − 1, inclusive.
cr_rect_id_len_minus1 plus 1 specifies the length of the cr_rect_id[ i ] and cr_associated_rect_id[ i ] syntax elements.
cr_subpic_idx_enabled_flag equal to 1 specifies that cr_subpic_idx_len_minus1 syntax element is present in the SEI message. cr_subpic_idx_enabled_flag equal to 0 specifies that the cr_subpic_idx_len_minus1 syntax element is not present in the SEI message.
cr_subpic_idx_len_minus1 plus 1 specifies the length, in bits, of the cr_subpic_idx[ lIdx ][ crIdx ].
cr_rect_type_enabled_flag equal to 1 specifies that the cr_rect_type_present_flag[ i ] syntax element is present in the SEI message. cr_rect_type_enabled_flag equal to 0 specifies that the cr_rect_type_ present_flag[ i ] syntax element is not present in the SEI message.
cr_group_enhanced_chroma_format_idc[ i ] equal to 2 specifies that an i-th target picture in 4:4:4 chroma format is formed from three rectangles of the i-th rectangle group. cr_group_enhanced_chroma_format_idc[ i ] equal to 1 indicates that an i-th target picture in 4:2:2 chroma format is formed from three rectangles of the i-th rectangle group. cr_group_enhanced_chroma_format_idc[ i ] equal to 0 specifies that a 4:4:4 or 4:2:2 target picture is not formed from the rectangles of the i-th rectangle group. The value of cr_group_enhanced_chroma_format_idc[ i ] shall be in the range of 0 to 2, inclusive.
cr_colour_description_present_flag[ i ] equal to 1 specifies that the i-th rectangle group contains colour description information, which is either derived from VUI or explicitly defined. cr_colour_description_present_flag[ i ] equal to 0 indicates that no colour description information is specified for the i-th rectangle group.
It is a requirement of bitstream conformance that when cr_group_enhanced_chroma_format_idc[ i ] is greater than or equal to 1 and cr_colour_description_present_flag[ i ] equal to 0, there shall be VUI information in the layer that contains the this CR SEI message and the VUI precedes this CR SEI message in decoding order.
cr_vui_layer_id_present_flag[ i ] equal to 1 specifies that the cr_vui_layer_id[ i ] for the i-th rectangle group is present. cr_vui_layer_id_present_flag[ i ] equal to 0 indicates that the cr_vui_layer_id[ i ] for the i-th rectangle group is not present, and the syntax elements cr_colour_primaries[ i ], cr_transfer_characteristics[ i ], cr_matrix_coefficients[ i ] and cr_full_range_flag[ i ]are explicitly specified.
cr_vui_layer_id[ i ] specifies layer identifier of the layer in the current bitstream that contains the VUI information for the i-th rectangle group. The value of cr_vui_layer_id[ i ] shall be in the range of 0 to 2 047, inclusive.
NOTE 2 – The value range of cr_vui_layer_id[ i ] can be further restricted in the interface texts in specific video coding standard specifications.
When cr_vui_layer_id[ i ] is present, it is a requirement of bitstream conformance that there shall be VUI information in the layer indicated by cr_vui_layer_id[ i ] and the VUI precedes this CR SEI message in decoding order.
cr_colour_primaries[ i ] has the same semantics as specified in clause 7.3 for the vui_colour_primaries syntax element in the VUI that is present in the layer that contains this SEI, but applied to the i-th target picture. When cr_group_enhanced_chroma_format_idc[ i ] equal to 2 and cr_colour_description_present_flag[ i ] equal to 0, the value of cr_colour_primaries[ i ] is inferred to be equal to the value of vui_colour_primaries in the VUI that is present in the layer that contains this SEI.
cr_transfer_characteristics[ i ] has the same semantics as specified in clause 7.3 for the vui_transfer_characteristics syntax element in the VUI that is present in the layer that contains this SEI, but applied to the i-th target picture. When cr_group_enhanced_chroma_format_idc[ i ] equal to 2and cr_colour_description_present_flag[ i ] equal to 0, the value of cr_transfer_characteristics[ i ] is inferred to be equal to the value of vui_transfer_characteristics in the VUI that is present in the layer that contains this SEI.
cr_matrix_coeffs[ i ] has the same semantics as specified in clause 7.3 for the vui_matrix_coeffs syntax element in the VUI that is present in the layer that contains this SEI, but applied to the i-th target picture. When cr_group_enhanced_chroma_format_idc[ i ] equal to 2 and cr_colour_description_present_flag[ i ] equal to 0, the value of cr_matrix_coeffs[ i ] is inferred to be equal to the value of vui_matrix_coeffs in the VUI that is present in the layer that contains this SEI.
cr_full_range_flag[ i ] has the same semantics as specified in clause 7.3 for the vui_full_range_flag syntax element in the VUI that is present in the layer that contains this SEI, but applied to the i-th target picture. When cr_group_enhanced_chroma_format_idc[ i ] equal to 2 and cr_colour_description_present_flag[ i ] equal to 0, the value of cr_full_range_flag[ i ] is inferred to be equal to the value of vui_full_range_flag in the VUI that is present in the layer that contains this SEI.
cr_rect_type_description_enabled_flag equal to 1 specifies that the cr_rect_type_description_present_flag[ i ] syntax element is present in the SEI message. cr_rect_type_description_enabled_flag equal to 0 specifies that the cr_rect_type_description_present_flag[ i ] syntax element is not present in the SEI message.
cr_subpics_partitioning_flag[ lIdx ] equal to 1 specifies that the subpic partitioning parameters in the SPS associated with the lIdx-th layer are used to determine the constituent rectangle sizes and positions. cr_subpics_partitioning_flag[ lIdx ] equal to 0 indicates that determination of the constituent rectangle sizes and positions is not based on subpic partitioning parameters in the SPS. When not present, cr_subpics_partitioning_flag[ lIdx ] is inferred to be equal to cr_subpics_partitioning_flag[ cr_reuse_layer_idx[ lIdx ] ].
When cr_subpics_partitioning_flag is equal to 1, it is a requirement of bitstream conformance that NumSubpics be greater than or equal to cr_num_rects_in_layer_minus1[ lIdx ] + 1.
cr_rect_same_size_flag[ lIdx ] equal to 1 specifies that all constituent rectangles in the coded picture of the lIdx-th layer have the same size and are arranged in a grid pattern. cr_rect_same_size_flag equal to 0 specifies that the sizes of the constituent rectangles may differ. When not present and cr_reuse_layout_flag[ lIdx ] is equal to 1, cr_rect_same_size_flag[ lIdx ] is inferred to be equal to cr_rect_same_size_flag[ cr_reuse_layer_idx[ lIdx ] ].
cr_num_cols_minus1[ lIdx ] plus 1 and cr_num_rows_minus1[ lIdx ] plus 1 specify the number of columns and rows, respectively, of the constituent rectangle grid in the coded picture of the lIdx-th layer when cr_rect_same_size_flag equal to 1. The values of cr_num_cols_minus1[ lIdx ] and cr_num_rows_minus1[ lIdx ] shall be in the range of 0 to 4095, inclusive. When not present and cr_reuse_layout_flag[ lIdx ] is equal to 1, cr_num_cols_minus1[ lIdx ] and cr_num_rows_minus1[ lIdx ] are inferred to be equal to cr_num_cols_minus1[ cr_reuse_layer_idx[ lIdx ] ] and cr_num_rows_minus1[ cr_reuse_layer_idx[ lIdx ] ], respectively.
The variable crNumCols[ lIdx ] is set equal to cr_num_cols_minus1[ lIdx ] + 1.
The variable crNumRows[ lIdx ] is set equal to cr_num_rows_minus1[ lIdx ] + 1.
It is a requirement of bitstream conformance that when cr_rect_same_size_flag[ lIdx ] is present and equal to 1, crNumCols[ lIdx ] * crNumRows[ lIdx ] shall be equal to cr_num_rects_in_layer_minus1[ lIdx ] + 1.
cr_guardbands_present_flag[ lIdx ] equal to 1 specifies that cr_guardband_hor_size[ lIdx ] and cr_guardband_ver_size[ lIdx ] syntax elements are present. cr_guardbands_present_flag[ lIdx ] equal to 0 specifies that cr_guardband_hor_size[ lIdx  ] and cr_guardband_ver_size[ lIdx ] syntax elements are not present. When not present and cr_reuse_layout_flag[ lIdx ] is equal to 0, the value of cr_guardbands_present_flag[ lIdx ] is inferred to be equal to 0. When not present and cr_reuse_layout_flag[ lIdx ] is equal to 1, cr_guardband_present_flag[ lIdx ] is inferred to be equal to cr_guardband_present_flag[ cr_reuse_layer_idx[ lIdx ] ].
cr_guardband_hor_size[ lIdx ] specifies the size of horizontal guard bands between rectangles in the coded picture of the lIdx-th layer when cr_rect_same_size_flag is equal to 1 in units of luma samples. When not present and cr_reuse_layout_flag[ lIdx ] is equal to 1, cr_guardband_hor_size[ lIdx ] is inferred to be equal to cr_guardband_hor_size[ cr_reuse_layer_idx[ lIdx ] ].
The variable GuardbandHor[ lIdx ] is set equal to cr_guardbands_present_flag[ lIdx ] ? cr_guardband_hor_size[ lIdx ] : 0.
It is a requirement of bitstream conformance that GuardbandHor[ lIdx ] % SubWidthC shall be equal to 0.
cr_guardband_ver_size[ lIdx ] specifies the size of vertical guard bands between rectangles when cr_rect_same_size_flag is equal to 1 in units of luma samples. When not present and cr_reuse_layout_flag[ lIdx ] is equal to 1, cr_guardband_ver_size[ lIdx ] is inferred to be equal to cr_guardband_ver_size[ cr_reuse_layer_idx[ lIdx ] ].
The variable GuardbandVer[ lIdx ] is set equal to cr_guardbands_present_flag[ lIdx ] ? cr_guardband_ver_size[ lIdx ] : 0.
It is a requirement of bitstream conformance that GuardbandVer[ lIdx ] % SubHeightC shall be equal to 0.
cr_log2_unit_size[ lIdx ] specifies a unit size used in variable calculations for the constituent rectangle parameters of the lIdx-th layer. When not present and cr_reuse_layout_flag[ lIdx ] is equal to 1, cr_log2_unit_size [ lIdx ] is inferred to be equal to cr_log2_unit_size [ cr_reuse_layer_idx[ lIdx ] ].
The variable crUnitSize[ lIdx ] is set equal to 1 << cr_log2_unit_size[ lIdx ].
cr_rect_size_len_minus1[ lIdx ] plus 1 specifies the length of syntax elements cr_rect_top_left_in_units_x[ lIdx ][ i ], cr_rect_top_left_in_units_y[ lIdx ][ i ], cr_rect_width_in_units_minus1[ lIdx ][ i ], and cr_rect_height_in_units_minus1[ lIdx ][ i ]. When not present and cr_reuse_layout_flag[ lIdx ] is equal to 1, cr_rect_size_len_minus1[ lIdx ] is inferred to be equal to cr_rect_size_len_minus1[ cr_reuse_layer_idx[ lIdx ] ].
cr_rect_type_present_flag[ lIdx ][ i ] equal to 1 specifies that the cr_rect_type_idc[ lIdx ][ i ] syntax element is present in the SEI message for the lIdx-th layer. cr_rect_type_present_flag[ lIdx ][ i ] equal to 0 specifies that the cr_rect_type_idc[ lIdx ][ i ] syntax element is not present in the SEI message for the lIdx-th layer. When not present and cr_reuse_layout_flag[ lIdx ] is equal to 1, cr_rect_type_present_flag[ lIdx ][ i ] is inferred to be equal to cr_rect_type_present_flag[ cr_reuse_layer_idx[ lIdx ] ][ i ].
cr_rect_type_idc[ lIdx ][ i ] indicates the constituent picture type of the i-th rectangle from Table X for the lIdx-th layer. When not present, cr_reuse_layout_flag[ lIdx ] is equal to 0, and i is equal to 0, the value of cr_rect_type_idc[ lIdx ][ i ] is inferred to be equal to 0. When not present, cr_reuse_layout_flag[ lIdx ] is equal to 0, and i is greater than 0, cr_rect_type_idc[ lIdx ][ i ] is inferred to be equal to cr_rect_type_idc[ lIdx ][ i − 1 ]. When not present and cr_reuse_layout_flag[ lIdx ] is equal to 1, cr_rect_type_idc[ lIdx ][ i ] is inferred to be equal to cr_rect_type_idc[ cr_reuse_layer_idx[ lIdx ] ][ i ].
For any lIdx in the range of 0 to cr_num_layers_minus1, inclusive, cr_rect_type_idc[ lIdx ][ i ] shall not be equal to 255, for at least one value of i in the range of 0 to cr_num_rects_in_layer_minus1[ lIdx ], inclusive.
[bookmark: _Ref398987190][bookmark: _Toc423602782][bookmark: _Toc503770678][bookmark: _Toc415476540][bookmark: _Toc147245582][bookmark: _Toc501130669][bookmark: _Toc423602608]Table X – Mapping of cr_rect_type_idc[ lIdx ][ i ] to the type of constituent rectangle
	cr_rect_type_idc[ lIdx ][ i ]
	Name
	Type of constituent rectangle

	0
	CR_TEXTURE
	Texture

	1
	CR_ALPHA
	Alpha plane

	2
	CR_DEPTH
	Depth picture

	3
	CR_OBJECT_MASK
	Object mask

	4
	CR_Y
	Y component

	5
	CR_CB
	Cb component

	6
	CR_CR
	Cr component

	7..127
	
	Reserved

	128..254
	
	Unspecified

	255
	CR_EMPTY
	Empty


[bookmark: _Hlk161212217]
For convenience of notation and terminology in this Specification, the variables and terms associated with the colour components are referred to as luma (or L or Y) and chroma, where the two chroma arrays are referred to as Cb and Cr; regardless of the actual colour representation method in use. The actual colour representation method in use can be indicated in this SEI message or the VUI SEI message. [Ed. (JB): This language adapted from VVC subclause 6.2. Was unable to find appropriate language in CICP.]
cr_rect_id_present_flag[ lIdx ][ i ] equal to 1 specifies that the cr_rect_id[ lIdx ][ i ] syntax element is present in the SEI message for the lIdx-th layer. cr_rect_id_present_flag[ lIdx ][ i ] equal to 0 specifies that the cr_rect_id[ i ] syntax element is not present in the SEI message for the lIdx-th layer.
cr_rect_id[ lIdx ][ i ] indicates the ID of the i-th rectangle of the lIdx-th layer. The length of the syntax element is cr_rect_id_len_minus1 + 1 bits. When not present, cr_reuse_layout_flag[ lIdx ] is equal to 0, and i equal to 0, the value of cr_rect_id[ lIdx ][ i ] is inferred to be equal to 0. When not present, cr_reuse_layout_flag[ lIdx ] is equal to 0, and i greater than 0, the value of cr_rect_id[ lIdx ][ i ] is inferred to be equal to cr_rect_id[ lIdx ][ i – 1 ] + 1. When not present and cr_reuse_layout_flag[ lIdx ] is equal to 1, cr_rect_id[ lIdx ][ i ] is inferred to be equal to cr_rect_id[ cr_reuse_layer_idx[ lIdx ] ][ i ].
It is a requirement of bitstream conformance that when j not equal to k, cr_rect_id[ lIdx ][ j ] shall not be equal to cr_rect_id[ lIdx ][ k ].
[bookmark: _Hlk226554045]cr_associated_rect_id_present_flag[ lIdx ][ i ] equal to 1 specifies that the cr_associated_rect_layer_idx_present_flag[ lIdx ][ i ] and cr_associated_rect_id[ lIdx ][ i ] syntax element may are be present in the SEI message for the lIdx-th layer. cr_associated_rect_id_present_flag[ lIdx ][ i ] equal to 0 specifies that the cr_associated_rect_layer_idx_present_flag[ lIdx ][ i ] and cr_associated_rect_id[ lIdx ][ i ] syntax element is are not present in the SEI message for the lIdx-th layer. When not present and cr_reuse_layout_flag[ lIdx ] is equal to 0, cr_associated_rect_id_present_flag[ lIdx ][ i ] is inferred to be equal to 0. When not present and cr_reuse_layout_flag[ lIdx ] is equal to 1, cr_associated_rect_id_present_flag[ lIdx ][ i ] is inferred to be equal to cr_associated_rect_id_present_flag[ cr_reuse_layer_idx[ lIdx ] ][ i ].
[bookmark: _Hlk226554005]cr_associated_rect_layer_idx_present_flag[ lIdx ][ i ] equal to 1 specifies that cr_associated_rect_layer_idx[ lIdx ][ i ] may be present in the SEI message. cr_associated_rect_layer_idx_present_flag equal to 0 specifies that cr_associated_rect_layer_idx[ lIdx ][ i ] is not present in the SEI message. When not present and cr_reuse_layout_flag[ lIdx ] is equal to 0, cr_associated_rect_layer_idx_present_flag[ lIdx ][ i ] is inferred to be equal to 0. When not present and cr_reuse_layout_flag[ lIdx ] is equal to 1, cr_associated_rect_layer_idx_present_flag[ lIdx ][ i ] is inferred to be equal to cr_associated_rect_layer_idx_present_flag[ cr_reuse_layer_idx[ lIdx ][ i ].
cr_associated_rect_layer_idx[ lIdx ][ i ] when present, indicates the layer index of an associated rectangle of the i-th rectangle of the lIdx-th layer. cr_associated_rect_layer_idx[ lIdx ][ i ] shall be less than or equal to lIdx. When not present and cr_reuse_layout_flag[ lIdx ] is equal to 0, the value of cr_associated_rect_layer_idx[ lIdx ][ i ] is inferred to be equal to lIdx. When not present and cr_associated_rect_layer_idx_present_flag[ lIdx ][ i ] is equal to 1, cr_associated_rect_layer_idx[ lIdx ][ i ] is inferred to be equal to cr_associated_rect_layer_idx[ cr_reuse_layer_idx[ lIdx ] ][ i ].
cr_associated_rect_id[ lIdx ][ i ] indicates the ID of an associated primary rectangle of the i-th rectangle of the lIdx-th layer. The length of the syntax element is cr_rect_id_len_minus1 + 1 bits. When not present, cr_associated_rect_id_present_flag[ lIdx ][ i ] is equal to 1, and cr_reuse_layout_flag[ lIdx ] is equal to 1, cr_associated_rect_id[ lIdx ][ i ] is inferred to be equal to cr_associated_rect_id[ cr_reuse_layer_idx[ lIdx ] ][ i ].
A primary rectangle is a constituent rectangle with cr_rect_type_idc equal to 0 or 4.
It is a requirement of bitstream conformance that when present, the value of cr_associated_rect_id[ lIdx ][ i ] shall be equal to cr_rect_id[ cr_associated_rect_layer_idx[ lIdx ][ i ] ][ j ] for some value of j in the range of 0 to cr_num_rects_in_layer_minus1[ lIdx ], inclusive, and cr_rect_type_idc[ cr_associated_rect_layer_idx[ lIdx ][ i ] ][ j ] shall be equal to 0 or 4.
cr_rect_group_idx[ lIdx ][ i ] indicates the group index of the i-th rectangle of the lIdx-th layer. The length of the syntax element is Ceil( Log2( cr_num_groups ) ) bits. The value of cr_rect_group_idx[ lIdx ][ i ] shall be in the range of 0 to cr_num_groups − 1, inclusive. When not present, cr_reuse_layout_flag[ lIdx ] is equal to 0, and cr_rect type_idc[ lIdx ][ i ] is not equal to 255, the value of cr_rect_group_idx[ lIdx ][ i ] is inferred to be equal to 0. When not present, cr_rect type_idc[ lIdx ][ i ] is not equal to 255, and cr_reuse_layout_flag[ lIdx ] is equal to 1, cr_rect_group_idx[ lIdx ][ i ] is inferred to be equal to cr_rect_group_idx[ cr_reuse_layer_idx[ lIdx ] ][ i ].
When cr_rect_type_idc[ lIdx ][ i ] is in the range of 4 to 6, inclusive, it is a requirement of bitstream conformance that cr_group_enhanced_chroma_format_idc[ cr_rect_group_idx[ lIdx ][ i ] ] shall be greater than 0.
When cr_group_enhanced_chroma_format_idc[ cr_rect_group_idx[ lIdx ] [ i ] ] is greater than 0, all of the following apply:
· There shall be exactly one rectangle rectY in layer index yLIdx in the range of 0 to cr_num_layers_minus1, inclusive, and rectY is the y-th rectangle in that layer for which cr_rect_group_idx[ yLIdx ][ y ] is equal to cr_rect_group_idx[ lIdx ][ i ] and cr_rect_type_idc[ yLIdx ][ y ] is equal to 0 or 4.
· There shall be exactly one rectangle rectU in layer index uLIdx in the range of 0 to to cr_num_layers_minus1, inclusive, and rectU is the u-th rectangle in that layer for which cr_rect_group_idx[ uLIdx ][ u ] is equal to cr_rect_group_idx[ lIdx ][ i ] and cr_rect_type_idc[ uLIdx ][ u ] is equal to 5.
· There shall be exactly one rectangle rectV in layer index vLIdx in the range of 0 to to cr_num_layers_minus1, inclusive, and rectV is the v-th rectangle in that layer for which cr_rect_group_idx[ vLIdx ][ v ] is equal to cr_rect_group_idx[ lIdx ][ i ] and cr_rect_type_idc[ vLIdx ][ v ] is equal to 6.
· If cr_group_enhanced_chroma_format_idc[ cr_rect_group_idx[ lIdx ][ i ] ] is equal to 2, the following applies:
· The values of of crRectWidth[ yLIdx ][ y ], crRectWidth[ uLIdx ][ u ], and crRectWidth[ vLIdx ][ v ] shall be equal.
· The values of of crRectHeight[ yLIdx ][ y ], crRectHeight[ uLIdx ][ u ], and crRectHeight[ vLIdx ][ v ] shall be equal.
· The j-th target picture is generated with width equal to crRectWidth[ yLIdx ][ y ], height equal to crRectHeight[ yLIdx ][ y ], SubWidthC equal to 1, SubHeightC equal to 1, ChromaFormatIdc equal to 3, and with the luma samples set equal to the luma samples of the rectangle rectY, the Cb samples set equal to the luma samples of the rectangle rectU, and the Cr samples set equal to the luma samples of the rectangle rectV.
· Otherwise, if cr_group_enhanced_chroma_format_idc[ cr_rect_group_idx[ lIdx ][ i ] ] is equal to 1, the following applies:
· The values of crRectWidth[ uLIdx ][ u ] and crRectWidth[ vLIdx ][ v ] shall be equal to crRectWidth[ yLIdx ][ y ] / 2.
· The values of crRectHeight[ uLIdx ][ u ], and crRectHeight[ vLIdx ][ v ], shall be equal to crRectHeight[ yLIdx ][ y ].
· The j-th target picture is generated with width equal to crRectWidth[ yLIdx ][ y ], height equal to crRectHeight[ yLIdx ][ y ], SubWidthC equal to 2, SubHeightC equal to 1, ChromaFormatIdc equal to 2, and with the luma samples set equal to the luma samples of the rectangle rectY, the Cb samples set equal to the luma samples of the rectangle rectU, and the Cr samples set equal to the luma samples of the rectangle rectV.
cr_rect_type_description_present_flag[ lIdx ][ i ] equal to 1 specifies that the cr_rect_type_description[ lIdx ][ i ] syntax element is present in the SEI message for the lIdx-th layer. cr_rect_type_description_present_flag[ lIdx ][ i ] equal to 0 specifies that the cr_rect_type_description[ lIdx ][ i ] syntax element is not present in the SEI message for the lIdx-th layer. When not present and cr_reuse_layout_flag[ lIdx ] is equal to 0, the value of cr_rect_type_description_present_flag[ lIdx ][ i ] is inferred to be equal to 0. When not present and cr_reuse_layout_flag[ lIdx ] is equal to 1, cr_rect_type_description_present_flag[ lIdx ][ i ] is inferred to be equal to cr_rect_type_description_present_flag[ cr_reuse_layer_idx[ lIdx ] ][ i ].
cr_subpic_idx[ lIdx ][ crIdx ], when present, specifies the index of subpicture from the lIdx-th layer that is associated with the i-th constituent rectangle unit. The number of bits for signalling cr_subpic_idx[ lIdx ][ crIdx ] is cr_subpic_idx_len_minus1 + 1. When not present and cr_reuse_layout_flag[ lIdx ] is equal to 0, the value of cr_subpic_idx[ lIdx ][ crIdx ] is inferred to be equal to crIdx. When not present and cr_reuse_layout_flag[ lIdx ] is equal to 1, cr_subpic_idx[ lIdx ][ crIdx ] is inferred to be equal to cr_subpic_idx[ cr_reuse_layer_idx[ lIdx ] ][ crIdx ].
cr_rect_top_left_in_units_x[ lIdx ][ crIdx ] and cr_rect_top_left_in_units_y[ lIdx ][ crIdx ], when present, indicate the horizontal and vertical positions, respectively, of the top left position in the lIdx-th layer picture of the crIdx-th constituent rectangle in units. The length of the syntax elements are cr_rect_size_len_minus1[ lIdx ] + 1. When not present and cr_reuse_layout_flag[ lIdx ] is equal to 1, cr_rect_top_left_in_units_x[ lIdx ][ crIdx ] is inferred to be equal to cr_rect_top_left_in_units_x[ cr_reuse_layer_idx[ lIdx ] ][ crIdx ] and cr_rect_top_left_in_units_y[ lIdx ][ crIdx ] is inferred to be equal to cr_rect_top_left_in_units_y[ cr_reuse_layer_idx[ lIdx ] ][ crIdx ].
The variables SubWidthC and SubHeightC are derived from ChromaFormatIdc as specified by Table 2.
cr_rect_width_in_units_minus1[ lIdx ][ crIdx ] plus 1 and cr_rect_height_in_units_minus1[ lIdx ][ crIdx ] plus 1, when present, indicate the width and height, respectively, in the lIdx-th layer picture of the crIdx-th constituent rectangle in units. The length of the syntax elements are cr_rect_size_len_minus1 + 1. When not present and cr_reuse_layout_flag[ lIdx ] is equal to 1, cr_rect_width_in_units_minus1[ lIdx ][ crIdx ] is inferred to be equal to cr_rect_width_in_units_minus1[ cr_reuse_layer_idx[ lIdx ] ][ crIdx ] and cr_rect_height_in_units_minus1[ lIdx ][ crIdx ] is inferred to be equal to cr_rect_height_in_units_minus1[ cr_reuse_layer_idx[ lIdx ] ][ crIdx ].
The variables crRectTopLeftX[ lIdx ][ crIdx ] and crRectTopLeftY[ lIdx ][ crIdx ], representing the x and y location, respectively, and variables crRectWidth[ lIdx ][ crIdx ] and crRectHeight[ lIdx ][ crIdx ], representing the width and height, respectively, of the i-th constituent rectangle (i.e., the crIdx-th constituent rectangle in the lIdx-th layer picture) are derived as follows.
If cr_subpics_partitioning_flag is equal to 0 and cr_rect_same_size_flag is equal to 0, the following applies:
–	The variable crRectTopLeftX[ lIdx ][ crIdx ] is set equal to cr_rect_top_left_in_units_x[ lIdx ][ crIdx ] * crUnitSize[ lIdx ]
–	The variable crRectTopLeftY[ lIdx ][ crIdx ] is set equal to cr_rect_top_left_in_units_y[ lIdx ][ crIdx ] * crUnitSize[ lIdx ]
–	The variable crRectWidth[ lIdx ][ crIdx ] is set equal to ( cr_rect_width_in_units_minus1[ lIdx ][ crIdx ] + 1 ) * crUnitSize[ lIdx ]
–	The variable crRectHeight[ lIdx ][ crIdx ] is set equal to ( cr_rect_height_in_units_minus1[ lIdx ][ crIdx ] + 1 ) * crUnitSize[ lIdx ]
Otherwise, if cr_subpics_partitioning_flag is equal to 1, the following applies:
–	The variable crRectTopLeftX[ lIdx ][ crIdx ] is set equal to SubPicTopLeftX[ lIdx ][ cr_subpic_idx[ lIdx ][ crIdx ] ] 
–	The variable crRectTopLeftY[ lIdx ][ crIdx ] is set equal to SubPicTopLeftY[ lIdx ][ cr_subpic_idx[ lIdx ][ crIdx ] ]  
–	The variable crRectWidth[ lIdx ][ crIdx ] is set equal to SubPicWidth[ lIdx ][ cr_subpic_idx[ lIdx ][ crIdx ] ]
–	The variable crRectHeight[ lIdx ][ crIdx ] is set to equal to SubPicHeight[ lIdx ][ cr_subpic_idx[ lIdx ][ crIdx ] ]
Otherwise (cr_rect_same_size_flag is equal to 1), the following applies:
	The variable currRow[ lIdx ] is set equal to i % crNumCols[ lIdx ]
–	The variable currCol[ lIdx ] is set equal to i / crNumCols[ lIdx ]
–	The variable crRectWidth[ lIdx ][ crIdx ] is set equal to ( MaxPicWidth[ lId ] − 
			GuardbandHor[ lIdx ] * ( crNumCols[ lIdx ]s – 1 ) ) / crNumCols[ lIdx ]
–	The variable crRectHeight[ lIdx ][ crIdx ] is set to equal to MaxPicHeight[ lId ] − 
			GuardbandVer[ lIdx ] * ( crNumRows[ lIdx ] – 1 ) ) / crNumRows[ lIdx ]
–	The variable crRectTopLeftX[ lIdx ][ crIdx ] is set equal to currCol[ lIdx ] * ( crRectWidth[ lIdx ] + GuardbandHor[ lIdx ] ) 
–	The variable crRectTopLeftY[ lIdx ][ crIdx ] is set equal to currRow[ lIdx ] * ( crRectHeight[ lIdx ] + GuardbandVer[ lIdx ] ) 
When PicWidthInLumaSamples[ lId ] is not equal to MaxPicWidth[ lId ], the following applies:
–	crRectTopLeftX[ lIdx ][ crIdx ] is set equal to (crRectTopLeftX[ lIdx ][ crIdx ] * PicWidthInLumaSamples[ lId ] + MaxPicWidth[ lId ] / 2 ) / MaxPicWidth[ lId ]
–	crRectWidth[ lIdx ][ crIdx ] is set equal to (crRectWidth[ lIdx ][ crIdx ] * PicWidthInLumaSamples[ lId ] + MaxPicWidth[ lId ] / 2 ) / MaxPicWidth[ lId ]
When PicHeightInLumaSample[ lIdx ]s is not equal to MaxPicHeight[ lId ], the following applies:
–	crRectTopLeftY[ lIdx ][ crIdx ] is set equal to (crRectTopLeftY[ lIdx ][ crIdx ] * PicHeightInLumaSamples[ lId ] + MaxPicHeight[ lId ] / 2 ) / MaxPicHeight[ lId ]
–	crRectHeight[ lIdx ][ crIdx ] is set equal to (crRectHeight[ lIdx ][ crIdx ] * PicHeightInLumaSamples[ lId ] + MaxPicHeight[ lId ] / 2 ) / MaxPicHeight[ lId ]
It is a requirement of bitstream conformance that for each sample position (x, y) in the coded picture there shall be at most one rectangle, j, for which both of the following conditions apply:
–	x is in (crRectTopLeftX[ lIdx ][ j ] .. crRectTopLeftX[ lIdx ][ j ] + crRectWidth[ lIdx ][ j ] − 1) 
–	y is in (crRectTopLeftY[ lIdx ][ j ] .. crRectTopLeftY[ lIdx ][ j ] + crRectHeight[ lIdx ][ i ] − 1)
It is a requirement of bitstream conformance that crRectWidth[ lIdx ][ crIdx ] and crRectHeight[ lIdx ][ crIdx ] shall be greater than 0.
It is a requirement of bitstream conformance that crRectTopLeftX[ lIdx ][ crIdx ] + crRectWidth[ lIdx ][ crIdx ] shall be less than or equal to MaxPicWidth[ lId ], crRectTopLeftY[ lIdx ][ crIdx ] + crRectHeight[ lIdx ][ crIdx ] shall be less than or equal to MaxPicHeight[ lId ].
It is a requirement of bitstream conformance that crRectTopLeftX[ lIdx ][ crIdx ] % SubWidthC shall be equal to 0, crRectTopLeftY[ lIdx ][ crIdx ] % SubHeightC shall be equal to 0, crRectWidth[ lIdx ][ crIdx ] % SubWidthC shall be equal to 0, and crRectHeight[ lIdx ][ crIdx ] % SubHeightC shall be equal to 0.
cr_bit_equal_to_zero shall be equal to 0.
cr_rect_type_description[ lIdx ][ i ] specifies a text description of the constituent rectangle. The length of the syntax element shall be less than or equal to 4097 bytes, not including the null termination byte. When not present, cr_rect_type_description_enabled_flag is equal to 1, and cr_reuse_layout_flag[ lIdx ] is equal to 0, cr_rect_type_description[ lIdx ][ i ] is inferred to be equal to a null string. When not present, cr_rect_type_description_enabled_flag is equal to 1, and cr_reuse_layout_flag[ lIdx ] is equal to 1, cr_rect_type_description[ lIdx ][ i ] is inferred to be equal to cr_rect_type_description[ cr_reuse_layer_idx[ lIdx ] ][ i ].

Add clause 8.43: Quality metrics SEI message
8.43 Quality metrics SEI message
8.432.1 Quality metrics SEI message syntax

	quality_metrics( payloadSize ) {
	Descriptor

		qm_metric_definitions_present_flag
	u(1)

		qm_clvs_values_present_flag
	u(1)

		qm_pic_values_present_flag
	u(1)

		qm_num_metrics_minus1
	u(4)

		if ( qm_metric_definitions_present_flag ) {
	

			qm_gain_enabled_flag
	u(1)

			for( i = 0; i <= qm_num_metrics_minus1; i++ ) {
	

				if ( qm_gain_enabled_flag )
	

					qm_gain_flag[ i ]
	u(1)

				if ( qm_gain_flag[ i ] )
	

					qm_gain_reference_flag[ i ]
	u(1)

				qm_metric_type[ i ]
	u(8)

				if ( qm_metric_type[ i ] = = 0 | | qm_metric_type[ i ] >= 128) {
	

					qm_metric_increasing_flag[ i ]
	u(1)

					qm_full_reference_flag[ i ]
	u(1)

					qm_value_len_minus1_in_bytes[ i ]
	u(2)

					qm_num_fractional_bits[ i ]
	u(v)

					qm_range_present_flag[ i ]
	u(1)

					if ( qm_range_present_flag[ i ] ) 
	

						qm_range_max_value[ i ]
	u(v)

						qm_range_min_value[ i ]
	u(v)

					qm_metric_description_present_flag[ i ]
	u(1)

				}
	

			}
	

			if( MetricDescPresentFlag ) {
	

				while( !byte_aligned( ) )
	

					qm_bit_equal_to_zero /* equal to 0 */
	f(1)

				for( i = 0; i <= qm_num_metrics_minus1; i++ )
	

					if ( qm_metric_description_present_flag[ i ] )
	

						qm_metric_description[ i ]
	st(v)

			}
	

		}
	

		for( i = 0; i <= qm_num_metrics_minus1; i++ )
	

			qm_three_component_flag[ i ]
	u(1)

		if( qm_clvs_values_present_flag ) 
	

			for( i = 0; i <= qm_num_metrics_minus1; i++ ) 
	

				for( c = 0; c < ( qm_three_component_flag[ i ] ? 3 : 1 ); c++ ) 
	

						qm_clvs_metric_value[ i ][ c ]
	u(v)

		if( qm_pic_values_present_flag )
	

			for( i = 0; i <= qm_num_metrics_minus1; i++ ) 
	

				for( c = 0; c < ( qm_three_component_flag[ i ] ? 3 : 1 ); c++ ) 
	

						qm_pic_metric_value[ i ][ c ]
	u(v)

	}
	



8.432.2 Quality metrics SEI message semantics
The quality metrics SEI message signals quality metric values indicating any of the following:
–	The quality of a single picture.
–	The mean quality of all the pictures corresponding to a CLVS.
–	The quality gain of a single picture, which is difference between the quality of a single picture relative to the quality of a gain reference picture.
–	The mean quality gain of all the pictures corresponding to a CLVS.
[bookmark: _Hlk163579006]Use of this SEI message requires the definition of the following variables:
–	A chroma format indicator, denoted herein by ChromaFormatIdc, as described in subclause ‎7.3.
–	A count of pictures NumPics.
–	Lists of picture widths and heights in units of luma samples, denoted herein by PicWidth[ i ] and PicHeight[ i ], respectively, where i is in the range of 0 to NumPics − 1, inclusive.
–	A list of pictures TestPicList[ i ] where i is in the range of 0 to NumPics − 1, inclusive.
–	When any qm_gain_flag[ i ] is equal to 1, a list of gain reference pictures GainRefPicList[ i ] for i is in the range of 0 to NumPics − 1, inclusive.
The variables SubWidthC and SubHeightC are derived from ChromaFormatIdc as specified by Table 2.
TestPicList[ i ][ cIdx ] and ReferencePicList[ i ][ cIdx ] denote the cIdx-th sample array of the i-th picture among TestPicList and ReferencePicList, respectively.
TestPicList[ i ][ cIdx ][ x ][ y ] and ReferencePicList[ i ][ cIdx ][ x ][ y ] denote the sample at location ( x, y ) within the cIdx-th sample array of the i-th picture among TestPicList and ReferencePicList, respectively, where x is in the range of 0 to ( ( cIdx = = 0 ) ? PicWidth[ i ] : PicWidth[ i ] / SubWidthC ) − 1, inclusive and y is in the range of 0 to ( ( cIdx = = 0 ) ? PicHeight[ i ] : PicHeight[ i ] / SubHeightC ) − 1, inclusive.
Let currPicIdx have a value such that the output time of TestPicList[ currPicIdx ] is equal to the output time of the current picture.
When the quality metric SEI message is included as a type of an SEI message in an SEI processing order SEI message, any quality metric SEI message that is associated with the SEI processing order SEI message shall be included in a processing order nesting SEI message.
When the quality metric SEI message is included as the i-th type of an SEI message in an SEI processing order SEI message, the following applies:
–	It is a requirement of bitstream conformance that an SEI message seiB that implies post-processing to be performed shall be present as the j-th type of an SEI message in the same SEI processing order SEI message and po_sei_processing_order[ j ] shall be equal to po_sei_processing_order[ i ] - 1.
–	The quality metric SEI message indicates the picture quality resulting from the post-processing implied by seiB.
–	TestPicList is updated as follows for each post-processing stage with po_sei_processing_order[ j ] less than po_sei_processing_order[ i ] in a non-decreasing order of j.
–	When the post-processing stage results into a picture picA with an output time that is equal to the output time of a picture picB in TestPicList, picB in TestPicList is replaced by picA.
–	When the post-processing stage results into a picture picA with an output time that is not equal to the output time of any picture in TestPicList, picA is inserted in TestPicList in a manner that pictures in TestPicList remain in output order.
When a quality metric SEI message is included as the k-th SEI message in a processing order nesting SEI message and qm_gain_flag[ i ] is equal to 1 for any value of i, the following applies:
–	If qm_gain_reference_flag[ i ] is equal to 0, the i-th metric value in the quality metric SEI message represents a gain of the post-processing stage with po_sei_processing_order[ j ] equal to pon_processing_order[ k ] – 1 relative to the picture or pictures used as input to that post-processing stage and GainRefPicList is set equal to TestPicList derived for the processing stages up to but not including the processing stage with po_sei_processing_order[ j ].
–	Otherwise (qm_gain_reference_flag[ i ] is equal to 1), the i-th metric value in the quality metric SEI message represents a cumulative gain of all the post-processing stages with po_sei_processing_order[ j ] less than or equal to pon_processing_order[ k ] – 1 relative to the cropped decoded picture or pictures and GainRefPicList consists of the cropped decoded pictures of the current CLVS in output order.
–	It is a requirement of bitstream conformance that the count of pictures in GainRefPicList shall be equal to NumPics and the width and height of GainRefPicList[ i ] in luma samples shall be equal to PicWidth[ i ] and PicHeight[ i ], respectively.
When a quality metric SEI message qmSeiA is present in a picture unit that is not the first picture unit of a CLVS in decoding order and at least one value of qm_clvs_metric_value[ i ][ c ] is present, the following applies:
–	If qmSeiA is not included in a processing order nesting SEI message, the following applies:
–	It is a requirement of bitstream conformance that there shall be quality metric SEI message qmSeiB that is present in the first picture unit of the CLVS and is not included in a processing order nesting SEI message.
–	each value of qm_clvs_metric_value[ i ][ c ] in qmSeiA shall be equal to the value of qm_clvs_metric_value[ i ][ c ] in qmSeiB.
–	Otherwise (qmSeiA is included in a processing order nesting SEI message with a certain set of pon_target_po_id[ i ] values), the following applies:
–	It is a requirement of bitstream conformance that there shall be quality metric SEI message qmSeiC that is present in the first picture unit of the CLVS and is included in a processing order nesting SEI message with the same set of pon_target_po_id[ i ] values.
–	Each value of qm_clvs_metric_value[ i ][ c ] in qmSeiA shall be equal to the value of qm_clvs_metric_value[ i ][ c ] in qmSeiC.
qm_metric_definitions_present_flag equal to 1 specifies that information defining the quality metrics is present. qm_metric_definitions_present_flag equal to 0 specifies that information defining the quality metrics is not present. 
For quality metrics SEI messages that are not included in processing order nesting SEI message (i.e., non-PON-nested quality metrics SEI messages), it indicates the quality metric of the cropped decoded picture relative to original picture that was given as input to the encoding system and the following applies:
–	When this SEI message is the first non-PON-nested quality metrics SEI message in a CLVS, in decoding order,  qm_metric_definitions_present_flag shall be equal to 1 and qm_gain_flag[ i ] shall be equal to 0.
–	Otherwise, (this SEI message is not the first non-PON-nested quality metrics SEI message in a CLVS, in decoding order,) it is a requirement of bitstream conformance that at least one of the two following conditions shall be met:
–	qm_metric_definitions_present_flag is equal to 0, the value of qm_three_component_flag[ i ] syntax elements, when present, shall be equal to the respective syntax elements in the first non-PON-nested quality metric SEI message in the CLVS, and qm_gain_flag[ i ] shall be equal to 0
–	the values of the qm_metric_type[ i ], qm_three_component_flag[ i ],  qm_gain_flag[ i ], qm_gain_reference_flag[ i ], qm_metric_increasing_flag[ i ], qm_full_reference_flag[ i ], qm_value_len_minus1_in_bytes[ i ], qm_metric_description_present_flag[ i ], and qm_metric_description[ i ] syntax elements, when present,  shall be equal to the respective syntax elements in the first non-PON-nested quality metric SEI message in the CLVS
For quality metrics SEI messages that are included in processing order nesting SEI message (i.e., PON-nested quality metrics SEI messages), let ponQMSeiA be a PON-nested quality metrics SEI message that is present in a PON SEI message ponA that is associated with a sei processing order SEI message spoA and ponQMSeiA is included in the processing chain indicated by spoA, the following applies:
–	When the quality metrics SEI message is the first PON-nested quality metrics SEI message in a CLVS, in decoding order, that is part of the processing chain indicated by spoA, qm_metric_definitions_present_flag shall be equal to 1.
–	Otherwise, (the quality metrics SEI message is not the first PON-nested quality metrics SEI message in a CLVS, in decoding order, that is part of the processing chain indicated by spoA) it is a requirement of bitstream conformance that at least one of the following conditions is true:
–	qm_metric_definitions_present_flag is equal to 0, and the value of qm_three_component_flag[ i ] syntax elements, when present, shall be equal to the respective syntax elements in the first non-PON-nested quality metric SEI message in the CLVS.
–	the values of the qm_metric_type[ i ], qm_three_component_flag[ i ], qm_gain_flag[ i ], qm_gain_reference_flag[ i ], qm_metric_increasing_flag[ i ], qm_full_reference_flag[ i ], qm_value_len_minus1_in_bytes[ i ], qm_metric_description_present_flag[ i ], and qm_metric_description[ i ] syntax elements, when present, shall be equal to the respective syntax elements in the first PON-nested quality metric SEI message in the CLVS that is part of the processing chain indicated by spoA.
qm_clvs_values_present_flag equal to 1 specifies that qm_clvs_metric_value[ i ][ c ] syntax elements are present. qm_clvs_values_present_flag equal to 0 specifies qm_clvs_metric_value[ i ][ c ] syntax elements are not present.
qm_pic_values_present_flag equal to 1 specifies that qm_pic_metric_value[ i ][ c ] syntax elements are present. qm_pic_values_present_flag equal to 0 specifies that qm_pic_metric_value[ i ][ c ] syntax elements are not present.
It is constrained that at least one of the values of qm_metric_definitions_present_flag, qm_clvs_values_present_flag, and qm_pic_values_present_flag shall be equal to 1.
qm_num_metrics_minus1 plus 1 specifies the number of quality metric entries signaled. It is a requirement of bitstream conformance that the value of qm_num_metrics_minus1 shall be the same for all QM SEI messages in the CLVS.
qm_gain_enabled_flag equal to 1 specifies that the qm_gain_flag[ i ] syntax element is present. qm_gain_enabled_flag equal to 0 specifies that the qm_gain_flag[ i ] syntax element is not present. 
qm_gain_flag[ i ] and qm_gain_reference_flag[ i ], when present, indicate the interpretation of the values of the qm_clvs_metric_value[ i ][ c ] and qm_pic_metric_value[ i ][ c ] syntax elements in clause 8.41.2.1. When qm_gain_flag[ i ] and qm_gain_reference_flag[ i ] are not present, they are inferred to be equal to 0. 
qm_metric_type[ i ] specifies the type of the quality metric of the i-th entry, as specified in Table X. The value of qm_metric_type[ i ] shall be in the range of 0..98, inclusive, or in the range of 128..255, inclusive, in bitstreams conforming to this version of the Specification. Values in the range of of 109..127, inclusive, for qm_metric_type[ i ] are reserved for future use by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification.
When the value of qm_metric_type [ i ] is in the range of 109 .. 127, decoders conforming to this version of this Specification shall ignore all the syntax elements for the i-th entry in this syntax structure.
When the value of qm_metric_type[ i ] is in the range of 128 .. 255, the  following applies.
–	If full_reference_flag is equal to 1, unspecifiedMetricVal represents an unspecified quality metric value of testPic relative to referencePic, with bit depth OrigBitDepth, width picWidth, and height picHeight.
–	Otherwise (full_reference_flag equal to 0), unspecifiedMetricVal represents an unspecified quality metric value of testPic, with bit depth OrigBitDepth, width picWidth, and height picHeight.
–	picMetricValue[ i ][ 0 ] is set equal to unspecifiedMetricVal ÷ (1 << qm_num_fractional_bits[ i ] ).
–	When qm_three_component_flag[ i ] is equal to 1,
– 	If full_reference_flag is equal to 1, unspecifiedMetricValCb and unspecifiedMetricValCr represent an unspecified quality metric values of testPic relative to referencePic, with bit depth OrigBitDepth, width picWidth, and height picHeight.
	–	Otherwise (full_reference_flag equal to 0), unspecifiedMetricValCb and unspecifiedMetricValCr represent an unspecified quality metric value of the Cb and Cr colour components, respectively, of testPic, with bit depth OrigBitDepth, width picWidth, and height picHeight.
–	picMetricValue[ i ][ 1 ] is set equal to unspecifiedMetricValCb ÷ (1 << qm_num_fractional_bits[ i ] ).
–	picMetricValue[ i ][ 2 ] is set equal to unspecifiedMetricValCr ÷ (1 << qm_num_fractional_bits[ i ] ).



Table X. Interpretation of qm_metric_type[ i ]
	t
	Description
	IncreasingFlag[t]
	FullReferenceFlag[t]
	NumBytes[t]

	0
	User-defined
	
	
	

	1
	PSNR [2]
	1
	1
	2

	2
	PSNR-YUV [2]
	1
	1
	2

	3
	SSIM [2]
	1
	1
	2

	4
	MS-SSIM [1]
	1
	1
	2

	5
	MOS [1]
	1
	0
	1

	6
	wPSNR [2]
	1
	1
	2

	7
	WS-PSNR [2]
	1
	1
	2

	8
	MSE
	0
	1
	2

	9
	VMAF [1]
	1
	1
	2

	10..127
	Reserved
	
	
	

	128..255
	Unspecified
	
	
	


qm_three_component_flag[ i ] equal to 1 indicates that 3 component values will be present for the i-th metric. qm_three_component_flag[ i ] equal to 0 indicates that a single value will be present for the i-th metric. It is a requirement of bitstream conformance that when ChromaFormatIdc is equal to 0, qm_three_component_flag[ i ] shall be equal to 0.
qm_metric_increasing_flag[ i ] equal to 1 indicates that a higher value of the i-th metric value represents an improvement in quality. qm_metric_increasing_flag[ i ] equal to 0 indicates that a lower value of the i-th metric value represents an improvement in quality. When not present, the value of qm_metric_increasing_flag[ i ] is inferred to be equal to IncreasingFlag[qm_metric_type[ i ] ] in Table X.
qm_full_reference_flag[ i ] equal to 1 indicates that the quality metric is a full reference quality metric, calculated by comparison of the pictures in TestPicList with the respective quality reference pictures. qm_full_reference_flag[ i ] equal to 0 indicates that the quality metric may or may not include comparison of the pictures in TestPicList with the respective quality reference picture. When not present, the value of qm_full_reference_flag[ i ] is inferred to be equal to FullReferenceFlag[qm_metric_type[ i ] ]  in Table X.
qm_value_len_minus1_in_bytes[ i ] plus 1 specifies the length in bytes of the qm_pic_metric_value[ i ][ c ] syntax element. When not present, the qm_value_len_minus1_in_bytes[ i ] is inferred to be equal to NumBytes[ [qm_metric_type[ i ] ] – 1.
qm_num_fractional_bits[ i ] specifies the number of fractional bits in qm_clvs_metric_value[ i ][ c ] and qm_pic_metric_value[ i ][ c ] used in the derivation of picMetricValue[ i ][ c ]. The length of the syntax element is Ceil( Log2( 8 * ( qm_value_len_minus1_in_bytes[ i ] + 1 ) ) ) + 1 bits.
qm_range_present_flag[ i ] equal to 1 specifies that the qm_range_max_value[ i ] and qm_range_min_value[ i ] syntax elements are present. qm_range_present_flag[ i ] equal to 0 specifies that the qm_range_max_value[ i ] and qm_range_min_value[ i ] syntax elements are not present. 
qm_range_max_value[ i ] specifies the maximum value of qm_clvs_metric_value[ i ][ c ] and qm_pic_metric_value[ i ][ c ]. The length of the syntax element is 8 * ( qm_value_len_minus1_in_bytes[ i ] + 1 ) bits.
qm_range_min_value[ i ] specifies the minimum value of qm_clvs_metric_value[ i ][ c ] and qm_pic_metric_value[ i ][ c ]. The length of the syntax element is 8 * ( qm_value_len_minus1_in_bytes[ i ] + 1 ) bits.
qm_metric_description_present_flag[ i ] equal to 1 specifies that qm_metric_description[ i ] is present. qm_metric_description_present_flag[ i ] equal to 0 specifies that qm_metric_description[ i ] is not present. When qm_metric_definitions_present_flag is equal to 1 and qm_metric_description_present_flag[ i ] is not present, its value is inferred to be equal to 0.
Variable MetricDescPresentFlag specifies the presence of at least one metric description is derived as follows:
MetricDescPresentFlag = 0
for ( i = 0; i  <=  qm_num_metrics_minus1  &&  !MetricDescPresentFlag; i++ )
	MetricDescPresentFlag = qm_metric_description_present_flag[ i ]

qm_bit_equal_to_zero shall be equal to 0.
qm_metric_description[ i ] specifies a text description of the i-th quality metric. The length of the syntax element shall be less than or equal to 4097 bytes, not including the null termination byte.
[bookmark: _Hlk161925789]qm_clvs_metric_value[ i ][ c ] specifies the mean value of the i-th quality metric for the c-th component of the CLVS. The length of the syntax element is 8 * (qm_value_len_minus1_in_bytes[ i ] + 1) bits. When qm_range_present_flag[ i ] equal to 1, the value of qm_clvs_metric_value[ i ][ c ] shall be less than or equal to qm_range_max_value[ i ] and shall be greater than or equal to qm_range_min_value[ i ].
qm_pic_metric_value[ i ][ c ] specifies the value of the i-th quality metric for the c-th component of the current picture. The length of the syntax element is 8 * (qm_value_len_minus1_in_bytes[ i ] + 1) bits. When qm_range_present_flag[ i ] equal to 1, the value of qm_pic_metric_value[ i ][ c ] shall be less than or equal to qm_range_max_value[ i ] and shall be greater than or equal to qm_range_min_value[ i ].
The semantics of the quality metric value are determined by the values of qm_metric_type[ i ], qm_gain_flag[ i ], and qm_gain_reference_flag[ i ].
When qm_pic_values_present_flag is equal to 1, qm_pic_metric_value[ i ][ c ] indicates the picture metric value, picMetricValue[ i ][ c ], of type qm_metric_type[ i ] as described in Table X, and the following applies:
–	If qm_gain_flag[ i ] is equal to 0, qm_pic_metric_value[ i ][ c ] has value derived by the process specified in clause X.X with testPic, picWidth, and picHeight assigned to be TestPicList[ currPicIdx ], PicWidth[ currPicIdx ], and PicHeight[ currPicIdx ], respectively.
–	Otherwise (qm_gain_flag[ i ] is equal to 1), the following applies:
–	picMetricValueTest[ i ][ c ] is set equal to picMetricValue[ i ][ c ] derived by the process specified in clause X.X with testPic, picWidth, and picHeight assigned to be TestPicList[ currPicIdx ], PicWidth[ currPicIdx ], and PicHeight[ currPicIdx ], respectively.
–	picMetricValueGainRef[ i ][ c ] is set equal to picMetricValue[ i ][ c ] derived by the process specified in clause X.X with testPic, picWidth, and picHeight assigned to be GainRefPicList[ currPicIdx ], PicWidth[ currPicIdx ], and PicHeight[ currPicIdx ], respectively.
–	qm_pic_metric_value[ i ][ c ] has the absolute value picMetricValueTest[ i ][ c ] − picMetricValueGainRef[ i ][ c ]. qmPicMetricValue[ i ][ c ] is equal to (IncreasingFlag[ i ] ? qm_pic_metric_value[ i ][ c ] : - qm_pic_metric_value[ i ][ c ]).
When qm_clvs_values_present_flag is equal to 1, qm_clvs_metric_value[ i ][ c ] indicates the mean value of the picture metric values, listPicMetricValue[ j ][ i ][ c ], calculated over all pictures in TestPicList, of type qm_metric_type[ i ] as described in Table X, where each listPicMetricValue[ j ][ i ][ c ] is derived as follows for each value of j in the range of 0 to NumPics − 1, inclusive:
[bookmark: _Hlk226983869]–	If qm_gain_flag[ i ] is equal to 0, listPicMetricValue[ j ][ i ][ c ] is equal to the picMetrictValue[ i ][ c ] derived by the process specified in clause X.X is performed with testPic, picWidth, and picHeight assigned to be TestPicList[ j ], PicWidth[ j ], and PicHeight[ j ], respectively.
–	Otherwise (qm_gain_flag[ i ] is equal to 1), the following applies:
[bookmark: _Hlk223531807]–	listPicMetricValueTest[ j ][ i ][ c ] is the set equal to picMetricValue[ i ][ c ] derived by the process specified in clause X.X with testPic, picWidth, and picHeight assigned to be TestPicList[ currPicIdx ], PicWidth[ currPicIdx ], and PicHeight[ currPicIdx ], respectively.
–	picMetricValueGainRef[ j ][ i ][ c ] is the set equal to picMetricValue[ i ][ c ] derived by the process specified in clause X.X with testPic, picWidth, and picHeight assigned to be GainRefPicList[ currPicIdx ], PicWidth[ currPicIdx ], and PicHeight[ currPicIdx ], respectively.
[bookmark: _Hlk223531828]–	listPicMetricValue[ j ][ i ][ c ] has the absolute value picMetricValueTest[ j ][ i ][ c ] − picMetricValueGainRef[ j ][ i ][ c ]. listPicMetricValue [ j ][ i ][ c ] is equal to (IncreasingFlag[ i ]  ? listPicMetricValue[ j ][ i ][ c ] : -listPicMetricValue[ j ][ i ][ c ]).

8.432.2.1 Process for derivation of picMetricValue[ i ][ c ]
Inputs to this process are a tested picture testPic, a picture width picWidth in luma samples, and a picture height picHeight in luma samples.
Let a quality reference picture referencePic be the original picture that was given as input to the encoding system and has the output time equal to the output time of testPic.
testPic[ cIdx ] and referencePic[ cIdx ] denote the cIdx-th sample array of the testPic and referencePic, respectively.
testPic[ cIdx ][ x ][ y ] and referencePic[ cIdx ][ x ][ y ] denote the sample at location ( x, y ) within the cIdx-th sample array of testPic and referencePic, respectively.
The pictures quality metric, picMetricValue[ i ][ c ] is derived as follows:
–	When qm_metric_type[ i ] is equal to 0, 
–	listPicMetricValueTest[ j ][ i ][ c ] is the set equal to picMetricValue[ i ][ c ] derived by the process specified in clause X.X with testPic, picWidth, and picHeight assigned to be TestPicList[ currPicIdx ], PicWidth[ currPicIdx ], and PicHeight[ currPicIdx ], respectively.
–	picMetricValueGainRef[ j ][ i ][ c ] is the set qual to picMetricValue[ i ][ c ] derived by the process specified in clause X.X with testPic, picWidth, and picHeight assigned to be GainRefPicList[ currPicIdx ], PicWidth[ currPicIdx ], and PicHeight[ currPicIdx ], respectively.
–	When qm_metric_increasing_flag[ i ] is equal 1, a higher value of picMetricValue[ i ][ c ] indicates testPic is of better quality than for a picture with a lower value of picMetricValue[ i ][ c ].
–	When qm_full_reference_flag[ i ] is equal to 1, of picMetricValue[ i ][ c ] indicates a quality metric value calculated from a comparison of testPic with referencePic. 
–	qm_metric_description[ i ] provides a text description of the quality metric indicated by picMetricValue[ i ][ c ]. 
–	Additional interpretation of picMetricValue[ i ][ c ] is determined by external means not specified in this Specification. 

–	When qm_metric_type[ i ] is equal to 1,
–	picMetricValue[ i ][ 0 ] is set equal to the PSNR value calculated using clauses 9.4.2 and D.2 of ISO/IEC 23001-11 [2] for the luma components of testPic and referencePic, with bit depth OrigBitDepth, width picWidth, and height picHeight.
–	When qm_three_component_flag[ i ] is equal to 1,
–	picMetricValue[ i ][ 1 ] and picMetricValue[ i ][ 2 ] are set equal to the PSNR values calculated using clauses 9.4.2 and D.2 of ISO/IEC 23001-11 [2] for the Cb and Cr components, respectively, of testPic and referencePic, with bit depth OrigBitDepth width picWidth/SubWidthC, and height picHeight/SubHeightC.

–	When qm_metric_type[ i ] is equal to 2, 
–	picMetricValue[ i ][ 0 ] is set equal to the value of the variable psnrYUV calculated as follows:
–	The variable psnrY is set equal to the PSNR value calculated using clauses 9.4.2 and D.2 of ISO/IEC 23001-11 [2]  for the luma components of testPic and referencePic, with bit depth OrigBitDepth width picWidth, and height picHeight.
–	The variables psnrU and psnrV are set equal to the PSNR values calculated using clauses 9.4.2 and D.2 of ISO/IEC 23001-11 [2] for the Cb and Cr components, respectively, of testPic and referencePic, with bit depth OrigBitDepth, width picWidth/SubWidthC, and height picHeight/SubHeightC.	
psnrYUV =  (10*psnrY + psnrU + psnrV ) ÷ 12

–	When qm_metric_type[ i ] is equal to 3,
–	picMetricValue[ i ][ 0 ] is set equal to the value of SSIM calculated from clauses 9.4.2 and D.5 of ISO/IEC 23001-11 [2] for the luma components of testPic and referencePic, with bit depth OrigBitDepth width picWidth, and height picHeight.
–	When qm_three_component_flag[ i ] is equal to 1,
–	picMetricValue[ i ][ 1 ] and picMetricValue[ i ][ 2 ]  are set equal to the SSIM values calculated from clauses 9.4.2 and D.5 of ISO/IEC 23001-11 [2] for the Cb and Cr components, respectively, of testPic and referencePic, with bit depth OrigBitDepth, width picWidth/SubWidthC, and height picHeight/SubHeightC.

–	When qm_metric_type[ i ] is equal to 4,
–	picMetricValue[ i ][ 0 ] is set equal to the value of MS-SSIM calculated from clause 4.3.3 of ISO/IEC 23001-10 [1]  for the luma components of testPic and referencePic, with bit depth OrigBitDepth.
–	When qm_three_component_flag[ i ] is equal to 1,
–	picMetricValue[ i ][ 1 ] and picMetricValue[ i ][ 2 ]  are set equal to the MS-SSIM values calculated from clause 4.3.3 of ISO/IEC 23001-10 [1]  for the Cb and Cr components, respectively, of testPic and referencePic, with bit depth OrigBitDepth.

–	When qm_metric_type[ i ] is equal to 5,
–	picMetricValue[ i ][ 0 ] is set equal to the value of MOS specified in clause 4.3.6 of ISO/IEC 23001-10 [1].

–	When qm_metric_type[ i ] is equal to 6,
–	picMetricValue[ i ][ 0 ] is set equal to the value of wPSNR calculated from clauses 9.4.2 and D.3 of ISO/IEC 23001-11 [2]  for the luma components of testPic and referencePic, with bit depth OrigBitDepth width picWidth, and height picHeight.
–	When qm_three_component_flag[ i ] is equal to 1,
–	picMetricValue[ i ][ 1 ] and picMetricValue[ i ][ 2 ]  are set equal to the wPSNR values calculated from clauses 9.4.2 and D.3 of ISO/IEC 23001-11 [2] for the Cb and Cr components, respectively, of testPic and referencePic, with bit depth OrigBitDepth, width picWidth/SubWidthC, and height picHeight/SubHeightC.

–	When qm_metric_type[ i ] is equal to 7,
–	picMetricValue[ i ][ 0 ] is set equal to the value of WS-PSNR calculated from clauses 9.4.2 and D.4 of ISO/IEC 23001-11 [2] for the luma components of testPic and referencePic, with bit depth OrigBitDepth, width picWidth, and height picHeight.
–	When qm_three_component_flag[ i ] is equal to 1,
–	picMetricValue[ i ][ 1 ] and picMetricValue[ i ][ 2 ]  are set equal to the WS-PSNR values calculated from clauses 9.4.2 and D.4 of ISO/IEC 23001-11 [2]for the Cb and Cr components, respectively, of testPic and referencePic, with bit depth OrigBitDepth, width picWidth/SubWidthC, and height picHeight/SubHeightC.

–	When qm_metric_type[ i ] is equal to 8,
–	picMetricValue[ i ][ 0 ] is set equal to the value of lumaMse, interpreted as a floating-point value, derived as follows:
lumaSse = 0
for( y = 0; y < picHeight; y++)
	for( x = 0; x < picWidth; x++ ) 
		lumaSse += (testPic[ 0 ][ x ][ y ] – referencePic[ 0 ][ x ][ y ])2
lumaMse = ( lumaSse ÷ (picHeight * picWidth) )/ 100
–	When qm_three_component_flag[ i ] is equal to 1, picMetricValue[ i ][ 1 ] and picMetricValue[ i ][ 2 ]  are set equal to the values of CbMse and CrMse, respectively, interpreted as floating-point values, derived as follows:
CbSse = 0
CrSse = 0
for( y = 0; y < picHeight / SubHeightC; y++)
	for( x = 0; x < picWidth / SubWidthC; x++ ) {
		CbSse += (testPic[1][x][y] – referencePic[1][x][y])2
		CbSse += (testPic[2][x][y] – referencePic[2][x][y])2
	} 
CbMse = ( CbSse ÷ ( picHeight * picWidth / (SubWidthC * SubWidthC) ) / 100
CrMse = ( CrSse ÷ ( picHeight * picWidth / (SubWidthC * SubWidthC) ) / 100

–	When qm_metric_type[ i ] is equal to 9,
–	The picMetricValue[ i ][ 0 ] is set equal to VMAF calculated from clause 4.3.3 of ISO/IEC 23001-10 [1] [Ed. It has been decided to add the VMAF description to the WD of the ISO/IEC 23001-10 update] for the luma components of testPic and referencePic, with bit depth OrigBitDepth. VMAF is a full reference metric using machine learning to fuse the scores from a number of elementary quality metrics to produce the quality score for the video. The metric is trained to simulate the quality assessment obtained as a result of a subjective test. The range of values obtained from the regular (HD) VMAF model is [0,..100]. 

–	When qm_metric_description_present_flag[ i ] is equal to 1,  qm_metric_description[ i ] may contain information about  the version of VMAF metric, such as the metric release number and the VMAF model.

Add clause 8.44: Lens optical correction SEI message
8.44 Lens optical correction SEI message
8.44.1 Lens optical correction SEI message syntax

	lens_optical_correction( payloadSize ) {
	Descriptor

		loc_cancel_flag
	u(1)

		if( !loc_cancel_flag ) {
	

			loc _persistence_flag
	u(1)

			loc_lens_model_present_flag
	u(1)

			if( loc_lens_model_present_flag ) {
	

				loc_reserved_zero_5bits
	u(5)

				loc_lens_model
	st(v)

			}
	

			loc_focal_center_present_flag
	u(1)

			if( loc_focal_center_present_flag ) {
	

				loc_focal_center_x
	u(25)

				loc_focal_center_y
	u(25)

			}
	

			loc_focal_length_present_flag
	u(1)

			if( loc_focal_length_present_flag )
	

				loc_focal_length
	u(16)

			loc_rd_parameters_present_flag
	u(1)

			if( loc_rd_parameters_present_flag ) {
	

				loc_no_rd
	u(1)

				if( !loc_no_rd ) {
	

					loc_rd_model_id
	u(8)

					if( loc_rd_model_id = = 0 ) {
	

						loc_rd_poly3_k1
	i(25)

					}
	

					if( loc_rd_model_id = = 1 ) {
	

						loc_rd_poly4_k1
	i(25)

						loc_rd_poly4_k2
	i(25)

						loc_rd_poly4_k3
	i(25)

						loc_rd_poly4_k4
	i(25)

					}
	

					if( loc_rd_model_id = = 2 ) {
	

						loc_rd_poly5_k1
	i(25)

						loc_rd_poly5_k2
	i(25)

					}
	

					if( loc_rd_model_id = = 3) {
	

						loc_rd_angle_poly_order_minus4
	u(4)

						for( i = 0; i < loc_rd_angle_ poly_order_minus4+4; i++ ) {
	

							loc_rd_angle_poly [ i ]
	fl(32)

						}
	

					}
	

					if( loc_rd_model_id = = 4) {
	

						loc_rd_brown_conrady_k1
	i(25)

						loc_rd_brown_conrady_k2
	i(25)

						loc_rd_brown_conrady_k3
	i(25)

						loc_td_parameters_present_flag
	u(1)

						if(loc_td_parameters_present_flag) {
	

							loc_td_brown_conrady_p1
	i(25)

							loc_td_brown_conrady_p2
	i(25)

						}
	

					}
	

				}
	

			}
	

			loc_tca_parameters_present_flag
	u(1)

			if( loc_tca_parameters_present_flag ) {
	

				loc_no_tca
	u(1)

				if( !loc_no_tca ) {
	

					loc_tca_model_id
	u(8)

					if( loc_tca_model_id = = 0 ) {
	

						loc_tca_kr
	u(25)

						loc_tca_kb
	u(25)

					}
	

					if( loc_tca_model_id = = 1 ) {
	

						loc_tca_br
	i(25)

						loc_tca_cr
	i(25)

						loc_tca_vr
	u(25)

						loc_tca_bb
	i(25)

						loc_tca_cb
	i(25)

						loc_tca_vb
	u(25)

					}
	

				}
	

			}
	

			loc_vignetting_parameters_present_flag
	u(1)

			if( loc_vignetting_parameters_present_flag ) {
	

				loc_no_vignetting
	u(1)

				if( !loc_no_vignetting ) {
	

					loc_vignetting_model_id
	u(8)

					if( loc_vignetting_model_id = = 0 ) {
	

						loc_vignetting_k1	
	i(25)

						loc_vignetting_k2
	i(25)

						loc_vignetting_k3
	i(25)

					}
	

				}
	

			}
	

		}
	

	}
	



8.44.2 Lens optical correction SEI message semantics
The Lens optical correction SEI message provides the decoder with a lens distortion model to enable image correction. When parameters for multiple distortion types are available in the lens optical correction SEI message, the parameters are expressed with intention for correction in the following sequential order: first de-vignetting (if present), then anti-TCA (if present), then reversing the radial distortion (if present). 
NOTE 1 – The parameters are expressed such that the corrections can be applied to samples in linear RGB format. Pictures represented with YUV sample data (such as Y’CbCr) can be converted to linear RGB in order to apply the lens corrections as intended.
The parameters of this SEI message apply to the cropped decoded picture.
When a frame packing arrangement SEI message is present in the CLVS, the parameters of this SEI messages apply to each constituent frame of the frame packing arrangement SEI message.
loc_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of any previous lens optical correction SEI message in output order that applies to the current layer. loc_cancel_flag equal to 0 indicates that lens optical correction follows.
loc_persistence_flag specifies the persistence of the lens optical correction SEI message for the current layer.
loc_persistence_flag equal to 0 specifies that the lens optical correction SEI message applies to the current decoded picture only.
loc_persistence_flag equal to 1 specifies that the lens optical correction SEI message applies to the current decoded picture and persists for all subsequent pictures of the current layer in output order until one or more of the following conditions are true:
–	A new CLVS of the current layer begins.
–	The bitstream ends.
–	A picture in the current layer in an AU associated with a lens optical correction SEI message is output that follows the current picture in output order.
[bookmark: _Hlk140198172][bookmark: _Hlk140198204]loc_lens_model_present_flag equal to 1 indicates that the loc_lens_model syntax element is present in the lens optical correction SEI message syntax. loc_lens_model_present_flag equal to 0 indicates that the loc_lens_model syntax element is not present in the lens optical correction SEI message syntax.
[bookmark: _Hlk38719448]loc_reserved_zero_5bits shall be equal to 0 in bitstreams conforming to this version of this Specification. The values greater than 0 for loc_reserved_zero_5bits are reserved for future use by ITU-T | ISO/IEC. Decoders shall also allow values greater than 0 for loc_reserved_zero_5bits to appear in the bitstream and shall ignore the value of loc_reserved_zero_5bits.
loc_lens_model specifies a string describing the applicable lens model.
loc_focal_center_present_flag equal to 1 indicates that focal center parameters of the lens are present in the lens optical correction SEI message syntax. loc_focal_center_present_flag equal to 0 indicates that no focal center parameters are present.
loc_focal_center_x  defines the horizontal location in the picture of the focal point expressed as a ratio of the picture width. When not present, the value of loc_focal_center_x is inferred to be equal to  which corresponds to the center of the picture horizontally. The value of loc_focal_center_x shall be in the range of 0 to 224, inclusive.
loc_focal_center_y  defines the vertical location in the picture of the focal point expressed as a ratio of the picture height. When not present, the value of loc_focal_center_y is inferred to be equal to  which corresponds to the center of the picture vertically. The value of loc_focal_center_y shall be in the range of 0 to 224, inclusive.
loc_focal_length_present_flag equal to 1 indicates that focal length of the lens is present in the lens optical correction SEI message syntax. loc_focal_length_present_flag equal to 0 indicates that no focal length is present.
loc_focal_length defines the focal length of the lens, i.e., the distance from the lens in which rays of light that fall parallel to the optical axis into the lens are converged. It is expressed in units of 0.1 millimeters. A value of 0 indicates that the focal length is undefined. When not present, the value of loc_focal_length is inferred to be equal to 0.
loc_rd_parameters_present_flag equal to 1 indicates that radial distortion parameters are present in the lens optical correction SEI message syntax. loc_rd_parameters_present_flag equal to 0 indicates that radial distortion parameters are not present in the lens optical correction SEI message syntax.
loc_no_rd equal to 1 indicates that there is no radial distortion. loc_no_rd equal to 0 indicates that radial distortion information is provided by the radial distortion parameters in the lens optical correction SEI message.
loc_rd_model_id identifies the type of radial distortion model as specified in Table 1. The value of loc_rd_model_id shall be in the range of 0 to 4, inclusive. The values greater than 4 are reserved for future use by ITU‑T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders shall ignore lens optical correction SEI messages with loc_rd_model_id greater than 4.
Table 1 – loc_rd_model_id

	Value
	Description

	0
	Poly3

	1
	Poly4

	2
	Poly5

	3
	AnglePoly

	4
	Brown-Conrady



When loc_rd_model_id equals to 0 the polynomial 3rd order (Poly3) model is specified as
rd = ru * ( 1 − k1 + k1 * ru * ru )		(X-1)
with rd referring to the distorted radius (normalized distance to image center), ru referring to the corrected undistorted radius, and k1 being the distortion coefficient.
When loc_rd_model_id equals to 1, the polynomial 4th order (Poly4) model is specified as
rd = ru * (k1 + k2 * ru + k3 * ru * ru + k4 * ru * ru* ru)		(X-2)
with rd referring to the distorted radius (normalized distance to image center), ru referring to the corrected undistorted radius, and k1, k2, k3 and k4 being the distortion coefficients.
NOTE – Lenses with radial distortion information expressed using a three parameter formula of the form the rd = ru* (ar3u + br2u + cru + 1 − a − b − c), can be signalled with Poly4 parameters by setting k1 = 1 − a − b − c,  k2 = c,  k3 = b,  k4 = a.
When loc_rd_model_id equals to 2 the polynomial 5th (Poly5) order model is specified as
rd = ru * ( 1 − k1 * ru * ru + k2 * ru * ru* ru* ru )		(X-3)
with rd referring to the distorted radius (normalized distance to image center), ru referring to the corrected undistorted radius, and k1 and k2 being the distortion coefficients.
loc_rd_poly3_k1  indicates the value of the k1 parameter from the Poly3 radial distortion model from equation (X-1). When not present, the value of loc_rd_poly3_k1 is inferred to be equal to 0.
loc_rd_poly4_k1  indicates the value of the k1 parameter from the Poly4 radial distortion model from equation (X-2). When not present, the value of loc_rd_poly4_k1 is inferred to be equal to 224.
loc_rd_poly4_k2  indicates the value of the k2 parameter from the Poly4 radial distortion model from equation (X-2). When not present, the value of loc_rd_poly4_k2 is inferred to be equal to 0.
loc_rd_poly4_k3  indicates the value of the k3 parameter from the Poly4 radial distortion model from equation (X-2). When not present, the value of loc_rd_poly4_k3 is inferred to be equal to 0.
loc_rd_poly4_k4  indicates the value of the k4 parameter from the Poly4 radial distortion model from equation (X-2). When not present, the value of loc_rd_poly4_k4 is inferred to be equal to 0.
loc_rd_poly5_k1  indicates the value of the k1 parameter from the Poly5 radial distortion model from equation (X-2). When not present, the value of loc_rd_poly5_k1 is inferred to be equal to 0.
loc_rd_poly5_k2  indicates the value of the k2 parameter from the Poly5 radial distortion model from equation (X-2). When not present, the value of loc_rd_poly5_k2 is inferred to be equal to 0.
When loc_rd_model_id equals to 3 a polynomial n-th order model specifies a mapping from the angle theta, in degrees, to the radius in pixels by 
		(X-4)
Where theta is the angle of incidence with respect to the optical axis and rho is the distance between the image center and projected point. 
loc_rd_angle_poly_order_minus4 plus 4 specifies the number of coefficients of this model, the value of n in (X-4), The value of loc_rd_angle_poly_num_coefficients_minus4 shall be in the range 0 to 8 inclusive.
[bookmark: _Hlk210727965]loc_rd_angle_poly[ i ] for i in the range 0 to loc_rd_angle_ poly_order_minus4 + 3, inclusive, specifies the value of the (i+1)th radial distortion coefficient ki+1 used in equation (X-4).
Each distortion component ki+1 is reconstructed as follows where s equals loc_rd_angle_poly_sign[i], e equals loc_rd_angle_poly_exponent[i], and m equals loc_rd_angle_poly_mantissa[i]:

· If e is in the range 1 to 127 inclusive, ki+1 is set equal to ( −1 )s * 2( e − 127 ) * ( 1 + m ÷ 223 )
· Otherwise ( e is equal to 0 ), ki+1 is set qual to ( −1 )s * 2−149 * m.
NOTE – The above the specification is similar to IEEE 754 32-bit floating point format with exponent ranged limited for values at most one in absolute value.
When loc_rd_model_id equals to 4, the lens distortion model is specified with 5 parameters k1, k2, k3, p1, p2.   
The total distortion is the cascade of radial and tangential distortions.
x1 = x * ( 1 + k1 * r2 + k2 * r4 + k3 * r6 )
y1 = y * ( 1 + k1 * r2 + k2 * r4 + k3 * r6 )
r1 = r * ( 1 + k1 * r2 + k2 * r4 + k3 * r6 )		(X-7)
x2 = x1 + [ 2 * p1 * x1 * y1 + p2 * ( r12 + 2 * x12 ) ]
y2 = y1 + [ 2 * p1 * ( r12 + 2 * y12 ) + p2 * x1*y1 ]		(X-8)
[bookmark: _Hlk195696824]loc_rd_brown_conrady_k1  indicates k1 parameter from distortion model from equation (X-7). When not present, the value of loc_rd_brown_conrady_k1 is inferred to be equal to 0.
loc_rd_brown_conrady_k2  indicates k2 parameter from distortion model from equation (X-7). When not present, the value of loc_rd_brown_conrady_k2 is inferred to be equal to 0.
loc_rd_brown_conrady_k3  indicates k3 parameter from distortion model from equation (X-7). When not present, the value of loc_rd_brown_conrady_k3 is inferred to be equal to 0.
loc_td_parameters_present_flag indicates the presence of tangential distortion parameters.
loc_td_brown_conrady_p1  indicates p1 parameter from distortion model from equation (X-8). When not present, the value of loc_td_brown_conrady_p1 is inferred to be equal to 0.
loc_td_brown_conrady_p2  indicates p2 parameter from distortion model from equation (X-8). When not present, the value of loc_td_brown_conrady_p2 is inferred to be equal to 0.
loc_tca_parameters_present_flag equal to 1 indicates that transversal chromatic aberration parameters are present in the lens optical correction SEI message syntax. loc_tca_parameters_parameters_present_flag equal to 0 indicates that transversal chromatic aberration parameters are not present in the lens optical correction SEI message syntax.
loc_no_tca equal to 1 indicates that there is no transversal chromatic aberration. loc_no_tca equal to 0 indicates that transversal chromatic aberration information is provided by the transversal chromatic aberration parameters in the lens optical correction SEI message.
loc_tca_model_id identifies the type of transversal chromatic aberation as specified in Table 2. The value of loc_tca_model_id shall be in the range of 0 to 1, inclusive. The values greater than 1 are reserved for future use by ITU‑T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders shall ignore lens optical correction SEI messages with loc_tca_model_id greater than 1.
Table 2 – loc_tca_model_id

	Value
	Description

	0
	Linear

	1
	Poly3


When loc_tca_model_id equals to 0 the linear model is specified as 
rd,R = ru,R * kR		(X-3)
rd,B = ru,B * kB		(X-4)
with rd,R and rd,B referring to the distorted radius (normalized distance to image center) of the red and blue components respectively, ru,R and ru,B referring to the corrected undistorted radius of the red and blue components respectively, and kR and kB being the transversal chromatic aberration coefficients of the red and blue components respectively.
NOTE – The transversal chromatic aberration is corrected in the linear model on the red and blue components with the green component as the reference.
When loc_tca_model_id equals to 1 the polynomial 3rd order (Poly3) model is specified as 
rd,R = ru,R * ( bR * ru,R * ru,R + cR * ru,R + vR )		(X-5)
rd,B = ru,B * ( bB * ru,B * ru,B + cB * ru,B + vB )		(X-6)
with rd,R and rd,B referring to the distorted radius (normalized distance to image center) of the red and blue components respectively, ru,R and ru,B referring to the corrected undistorted radius of the red and blue components respectively, and {bR, cR, vR} and {bB, cB, vB} being the transversal chromatic aberration coefficients of the red and blue components respectively.
NOTE – The transversal chromatic aberration is corrected in the Poly3 model on the red and blue components with the green component as the reference.
loc_tca_kr  indicates the value of the kR parameter from the linear transversal chromatic aberration model from equation (X-3). When not present, the value of loc_tca_kr is inferred to be equal to .
loc_tca_kb  indicates the value of the kB parameter from the linear transversal chromatic aberration model from equation (X-4). When not present, the value of loc_tca_kr is inferred to be equal to .
loc_tca_br  indicates the value of the bR parameter from the Poly3 transversal chromatic aberration model from equation (X-5). When not present, the value of loc_tca_br is inferred to be equal to 0.
loc_tca_cr  indicates the value of the cR parameter from the Poly3 transversal chromatic aberration model from equation (X-5). When not present, the value of loc_tca_cr is inferred to be equal to 0.
loc_tca_vr  indicates the value of the vR parameter from the Poly3 transversal chromatic aberration model from equation (X-5). When not present, the value of loc_tca_vr is inferred to be equal to .
loc_tca_bb  indicates the value of the bB parameter from the Poly3 transversal chromatic aberration model from equation (X-6). When not present, the value of loc_tca_bb is inferred to be equal to 0.
loc_tca_cb  indicates the value of the cB parameter from the Poly3 transversal chromatic aberration model from equation (X-6). When not present, the value of loc_tca_cb is inferred to be equal to 0.
loc_tca_vb  indicates the value of the vB parameter from the Poly3 transversal chromatic aberration model from equation (X-6). When not present, the value of loc_tca_vb is inferred to be equal to .
loc_vignetting_parameters_present_flag equal to 1 indicates that vignetting parameters are present in the lens optical correction SEI message syntax. loc_vignetting_parameters_present_flag equal to 0 indicates that vignetting parameters are not present in the lens optical correction SEI message syntax.
loc_no_vignetting equal to 1 indicates that there is no vignetting. loc_no_vignetting equal to 0 indicates that vignetting information is provided by the vignetting parameters in the lens optical correction SEI message.
[bookmark: _Hlk180586892]loc_vignetting_model_id identifies the type of vignetting model as specified in Table 1. The value of loc_vignetting_model_id shall be equal to 0. The values greater than 0 are reserved for future use by ITU‑T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders shall ignore lens optical correction SEI messages with loc_vignetting_model_id greater than 0.
Table 3 – loc_vignetting_model_id

	Value
	Description

	0
	Poly6



When loc_vignetting_model_id equals to 0, the polynomial 6th order (Poly6) model is specified as 
cd = cs * (1 + k1 * ru * ru + k2 * ru * ru* ru* ru + k3 * ru * ru* ru* ru* ru* ru)	(X-2)
with cd referring to the distorted colour value, cs referring to the undistorted colour value, ru referring to the radius, and k1, k2 and k3 being the vignetting distortion coefficients.
NOTE – The same vignetting parameters are used for red, green and blue.
loc_vignetting_k1  indicates the value of the k1 parameter from the Poly6 vignetting model from equation (X-2). When not present, the value of loc_vignetting_k1 is inferred to be equal to 0.
loc_vignetting_k2  indicates the value of the k2 parameter from the Poly6 vignetting model from equation (X-2). When not present, the value of loc_vignetting_k2 is inferred to be equal to 0.
loc_vignetting_k3  indicates the value of the k3 parameter from the Poly6 vignetting model from equation (X-2). When not present, the value of loc_vignetting_k3 is inferred to be equal to 0.

Add clause 8.45: Display overlays information SEI message
8.45 Display overlays information SEI message
8.45.1 Display overlays information SEI message syntax

	display_overlays_info( payloadSize ) {
	Descriptor

		doi_id
	u(6)

		doi_cancel_flag
	u(1)

		if( !doi_cancel_flag ) {
	

			doi_persistence_flag
	u(1)

			doi_num_display_overlays_minus1
	ue(v)

			doi_num_sets_minus1
	ue(v)

			doi_general_purpose
	ue(v)

			doi_purpose_present_flag
	u(1)

			for( s = 1; s <= doi_num_sets_minus1; s++ ) {
	

				if( doi_purpose_present_flag ) {
	

					doi_set_purpose_present_flag[ s ]
	u(1)

					if( doi_set_purpose_present_flag[ s ] )
	

	[bookmark: _Hlk208337159]					doi_set_purpose[ s ]
	ue(v)

				}
	

				for( j = 0; j  <=  doi_num_display_overlays_minus1; j++ )
	

					doi_in_set_flag[ s ][ j ]
	u(1)

			}
	

			doi_target_pic_size_present_flag
	u(1)

			doi_target_bitdepth_minus8
	ue(v)

			if( doi_target_pic_size_present_flag ) {
	

				doi_target_pic_width_minus1
	u(16)

				doi_target_pic_height_minus1
	u(16)

	[bookmark: _Hlk178756808]			doi_target_pic_full_occ_flag
	u(1)

			}
	

			doi_target_pic_chroma_format_idc
	u(2)

			doi_target_pic_alpha_flag
	

			if( !doi_target_ pic_alpha_flag ) {
	

				doi_target_init_present_flag
	u(1)

				if( doi_target_init_present_flag )
	

					for( c = 0; c < ( doi_target_pic_chroma_format_idc > 0 ? 3 : 1 ); c++ )
	

						doi_target_init_sample[ c ]
	u(v)

			}
	

			doi_num_layers_minus1
	ue(v)

			if( doi_nuh_layers_minus1 > 0 )
	

				doi_layer_order_constrained_flag
	u(1)

			for( i = 0; i  <=  doi_num_layers_minus1; i++ ) {
	

				if( doi_num_layers_minus1 > 0 )
	

					doi_layer_id[ i ]
	ue(v)

				doi_pic_partition_flag[ i ]
	u(1)

				if( doi_pic_partition_flag[ i ] )
	 

					doi_partition_type_idc[ i ]
	u(2)

				if( doi_partition_type_idc[ i ] < 3 )
	

					doi_partition_idx_len_minus1[ i ]
	u(4)

				else if( doi_partition_type_idc[ i ]  = =  3 )
	

					doi_partition_param_length_minus1[ i ]
	u(4)

			}
	

			doi_offset_params_present_flag
	u(1)

			if( doi_offset_params_present_flag )
	

				doi_offset_param_length_minus1
	u(4)

			doi_resampling_enabled_flag
	u(1)

			if( doi_resampling_enabled_flag )
	

				doi_size_param_length_minus1
	u(4)

			for( j = 0; j < doi_num_display_overlays_minus1 + 1; j++ ) {
	 

				if( doi_purpose_present_flag && !doiSetPurposePresent[ j ] ) {
	

					doi_overlay_purpose[ j ]
	ue(v)

					doi_overlay_restriction[ j ]
	ue(v)

				}
	

				if( doi_nuh_layers_minus1 > 0 )
	

					doi_layer_idx[ j ]
	u(v)

				if( doi_pic_partition_flag[ doi_layer_idx[ j ] ] ) {
	 

					if( doi_partition_type_idc[ doi_layer_idx[ j ] ] < 3 )
	

						doi_partition_idx[ j ]
	u(v)

					else if( doi_partition_type_idc[ doi_layer_idx[ j ] ]  = =  3 ) {
	 

						doi_partition_top_left_x[ j ]
	u(v)

						doi_partition_top_left_y[ j ]
	u(v)

						doi_partition_width_minus1[ j ]
	u(v)

						doi_partition_height_minus1[ j ]
	u(v)

					}
	 

				}
	

				doi_alpha_present_flag[ j ]
	u(1)

				if( doi_alpha_present_flag[ j ] ) {
	

					if( doi_nuh_layers_minus1 > 0 )
	

						doi_alpha_layer_idx[ j ]
	u(v)

					if( doi_pic_partition_flag[ doi_alpha_layer_idx[ j ] ] )
	 

						if( doi_partition_type_idc[ doi_alpha_layer_idx[ j ] ] < 3 )
	

							doi_alpha_partition_idx[ j ]
	u(v)

						else if( doi_partition_type_idc[ doi_alpha_layer_idx[ j ] ]  = =  3 ) {
	 

							doi_alpha_partition_top_left_x[ j ]
	u(v)

							doi_alpha_partition_top_left_y[ j ]
	u(v)

							doi_partition_same_size_flag[ j ]
	u(1)

							if( !doi_partition_same_size_flag[ j ] ) {
	

								doi_alpha_partition_width_minus1[ j ]
	u(v)

								doi_alpha_partition_height_minus1[ j ]
	u(v)

							}
	

						}
	 

				}
	

				if( doi_offset_params_present_flag ) {
	

					doi_top_left_x[ j ]
	u(v)

					doi_top_left_y[ j ]
	u(v)

				}
	

				if( doi_resampling_enabled_flag ) {
	

					doi_width_minus1[ j ]
	u(v)

					doi_height_minus1[ j ]
	u(v)

				}
	

			}
	

		}
	

	}
	



8.45.2 Display overlays information SEI message semantics
The display overlays information (DOI) SEI message provides metadata to enable formation of a target display picture formed by overlaying multiple ordered display overlays in a specified order. A display overlay contains texture and optionally an alpha channel, each contained within a cropped decoded picture, a subpicture, and/or a constituent rectangle and/ or a display rectangle.
Use of this SEI message requires the definition of the following variables, where i is the layer identifier of a layer that may be present in the current CVS:
–	An array of picture width and picture height in units of luma samples, denoted herein by PicWidthInLumaSamples[ i ] and PicHeightInLumaSamples[ i ], respectively.
–	A chroma format indicator, denoted herein by ChromaFormatIdc[ i ], as described in subclause ‎7.3.
–	SubWidthC[ i ] and SubHeightC[ i ] as described in subclause ‎7.3.
–	A bit depth for the samples of the luma component, denoted herein by BitDepthY[ i ],, and when ChromaFormatIdc is not equal to 0, a bit depth for the samples of the two associated chroma components, denoted herein by BitDepthC[ i ].
–	An array of subpicture counts, denoted by NumSubpics[ i ].
–	Arrays of the width and height of the subpictures, denoted herein by SubPicWidth[ i ][ j ] and SubPicHeight[ i ][ j ] respectively, where j is the subpicture index that is in the range of 0 to NumSubpics[ i ] − 1, inclusive.
When two or more DOI SEI messages with different value of doi_id are present and associated with a picture, the following applies:
· If the DOI SEI messages are included in one or more SEI processing order SEI messages, the order of processing of the DOI SEI messages is defined by the SEI processing order SEI message (i.e., one of the SEI processing order SEI messages that contains the DOI SEI messages) containing the DOI SEI messages that is chosen by decoding system.
· Otherwise, the selection of the DOI SEI messages to be applied by the decoding system and the order of application, if there are more than one selected, is provided by an external means not specified in this Specification.
[bookmark: _Hlk166846201]doi_id specifies an identifier of the DOI SEI message.
doi_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of any previous DOI SEI message with the same doi_id in output order. doi_cancel_flag equal to 0 indicates that display overlays information follows.
doi_persistence_flag specifies the persistence of the DOI SEI message for the CVS.
[bookmark: _Hlk166846295]doi_persistence_flag equal to 0 specifies that the DOI SEI message applies to pictures in the current AU only.
doi_persistence_idc flag equal to 1 specifies that the DOI SEI message in the current CLVS applies to pictures in the current AU and persists for pictures in all subsequent AUs in output order in the current CVS until an AU, when present, that follows the current AU in output order and contains a DOI SEI message with the same value of doi_id in the same CLVS.
When a DOI SEI message with a particular value of doi_id and doi_cancel_flag equal to 0 is present in the layer with layer identifier layerIdA equals to the lowest value of doi_layer_id[ i ] for i in the range from 0 to doi_num_layers_minus1, inclusive , it is constrained that DOI SEI message with the same doi_id and doi_cancel_flag equal to 1, if present, shall be present in the layer with layer identifier equal to layerIdA.
doi_num_display_overlays_minus1 plus 1 specifies the number of display overlays for which information is signalled in the SEI message. The value of doi_num_display_overlays_minus1 shall be in the range of 0 to 31, inclusive.
doi_num_sets_minus1 plus 1 indicates the number of display overlay sets described in the SEI message.
doi_general_purpose speficies the intended purpose of the overlays contained in the DOI SEI message as specified in Table A where doi_general_purpose is greater than 0 and ( doi_general_purpose & bitMask ). doi_general_purpose not equal to 0 indicates that the information type with the bitMask value in Table A has been described. The value of doi_general_purpose shall be in the range of 0 to 31, inclusive. The values greater than 31 are reserved for future use by ITU‑T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. When doi_general_purpose equals to 0, the purpose of the overlays in the DOI SEI message is unknown or unspecified.
Table A – doi_general_purpose

	bitMask
	Description

	0x01
	Accessibility enhancement

	0x02
	User Interface (UI) element integration

	0x04
	Branding control

	0x08
	Real-Time information display

	0x10
	Sensor data visualization


doi_purpose_present_flag equals to 1 indicates that a purpose interpreted according to Table X is signaled for display overlays or display overlay sets. doi_purpose_present_flag equals to 0 indicates that a purpose interpreted is not signaled for display overlays or display overlay sets.
doi_set_purpose_present_flag[ s ] equal to 1 indicates that the doi_set_purpose_idc[ s ] syntax element is present. doi_set_purpose_present_flag[ s ] equal to 0 indicates that the doi_set_purpose_idc[ s ] syntax element is not present.
doi_set_purpose[ s ] speficies specifies the intended purpose of the s-th display set as specified in Table X where doi_set_purpose[ s ] is greater than 0 and ( doi_set_purpose[ s ] & bitMask ) is greater than 0. doi_set_purpose[ s ] not equal to 0 indicates that the information type with the bitMask value in Table X has been described. The value of doi_set_purpose[ s ] shall be in the range of 0 to 31, inclusive. The values greater than 31 are reserved for future use by ITU‑T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. When doi_set_purpose[ s ] equals to 0, the purpose of the s-th set is unknown or unspecified.
The variable doiSetPurposePresent[ j ] is derived as follows:
	doiSetPurposePresent[ j ]  = 0
	for( s = 1; s  <=  doi_num_sets_minus1; s++ )
		if ( doi_in_set_flag[ s ][ j ] )
			doiSetPurposePresent [ j ] = doiSetPurposePresent [ j ] | | doi_set_purpose_present_flag[ s ] 
doi_in_set_flag[ s ][ j ] indicates that the j-th display overlay is included in the s-th set. The value of doi_in_set_flag[ 0 ][ j ] is inferred to be equal to 1 for all values of j in the range of 0 to doi_num_display_overlays_minus1, inclusive.
doi_target_pic_size_present_flag equal to 1 specifies that the doi_target_pic_width_minus1 and doi_target_pic_height_minus1 syntax elements are present. doi_target_pic_size_present_flag equal to 0 specifies that the doi_target_pic_width_minus1 and doi_target_pic_height_minus1 syntax elements are not present.
When present, doi_target_pic_width_minus1 plus 1 indicates the width of the target picture.
When present, doi_target_pic_height_minus1 plus 1 indicates the height of the target picture.
doi_target_pic_full_occ_flag equal to 1 indicates that all sample positions in the target picture have at least one display overlay for which the j-th display overlay representation includes a sample that occupies the sample position. doi_target_pic_full_occ_flag equal to 0 does not apply a constraint.
doi_target_pic_chroma_format_idc specifies the chroma sampling relative to the luma sampling for target display picture as described in clause 7.3.
When doi_target_pic_size_present_flag is equal to 0, the value of doi_target_pic_chroma_format_idc shall be equal to the value of ChromaFormatIdc[ 0 ].
doi_target_pic_alpha_flag equal to 1 indicates that an alpha channel target picture is associated with the primary target picture. doi_target_pic_alpha_flag equal to 0 indicates that an alpha channel target picture is not associated with the primary target picture.
doi_target_init_present_flag equal to 1 specifies that the doi_target_init_sample[ c ] syntax elements are present in the SEI message. doi_target_init_present_flag equal to 0 specifies that the doi_target_init_sample[ c ] syntax elements are not present in the SEI message.
doi_target_ bitdepth_minus8 plus8 specifies the bit depth of the target picture texture and alpha component samples doi_target_ bitdepth_minus8 shall be in the range of 0 to8, inclusive.
The variable targetBitDepth is set equal to doi_target_bitdepth_minus8 + 8.
doi_target_init_sample[ c ] indicates the target picture initialization value for the c-th colour component. The length of the syntax element is targetBitDepth bits.
When not present, the value of doi_target_init_sample[ c ] is set equal to 1  <<  ( targetBitDepth − 1 ) for c in the range of 0 to 2, inclusive.
[bookmark: _Hlk178781593]doi_num_layers_minus1 plus 1 specifies the number of layers which may contain display overlays.
doi_layer_order_constrained_flag equal to 1 specifies a constraint on the values of doi_layer_id[ i ]. doi_layer_order_constrained_flag equal to 0 does not impose a constraint.
When m and n is in the range from 0 to doi_num_layers_minus1, inclusive, m is less than n, and doi_layer_order_constrained_flag is equal to 1, it is constrained that the value of doi_layer_id[ m ] shall be less than the value of doi_layer_id[ n ].
doi_layer_id[ i ] specifies the value of layer identifier for the i-th layer. When not present, the value of doi_layer_id[ i ] is inferred to be equal to the layer identifier of the PU containing the DOI SEI message.
The value of doi_layer_id[ i ] shall be in the range of 0 to 2 047, inclusive.
NOTE 1 – The value range of doi_layer_id[ i ] can be further restricted in the interface texts in specific video coding standard specifications.
When this SEI message is present in any layer in the current AU, it is a requirement of bitstream conformance that a DOI SEI message with the same value of doi_id and the same payload is present in the layer with layer identifier equals to the lowest value of doi_layer_id[ i ] for i in the range from 0 to doi_num_layers_minus1, inclusive.
doi_pic_partition_flag[ i ] equal to 1 specifies that display overlay components contained in the i-th layer are coded as constituent rectangles, subpictures, or explicitly signalled in this SEI. doi_pic_partition_flag[ i ] equal to 0 specifies that display overlay components contained in the i-th layer are coded as pictures.
It is a requirement of bitstream conformance that at least one of the two following conditions shall be met:
–	doi_num_layers_minus1 is greater than 0.
–	doi_pic_partition_flag[ i ] is equal to 1.
doi_partition_type_idc[ i ] equal to 0 specifies that a display overlay component contained in the i-th layer is coded as a subpicture. doi_partition_type_idc[ i ] equal to 1 specifies that a display overlay component contained in the i-th layer is coded as a constituent rectangle. doi_partition_type_idc[ i ] equal to 2 specifies that a display overlay component contained in the i-th layer is coded as a display rectangle. doi_partition_type_idc[ i ] equal to 3 specifies that the partition information contained in the i-th layer is explicitly defined, and the syntax elements doi_partition_param_length_minus1[ i ], doi_partition_top_left_x[ j ], doi_partition_top_left_y[ j ], doi_partition_width_minus1[ j ], doi_partition_height_minus1[ j ] are present. Additionally, if the doi_partition_type_idc[ i ] is equal to 0 and the doi_alpha_present_flag[ j ] is equal to 1, it indicates that an alpha component contained in the i-th layer is coded as a subpicture; if the doi_partition_type_idc[ i ] is equal to 1 and the doi_alpha_present_flag[ j ] is equal to 1, it indicates that an alpha component contained in the i-th layer is coded as a constituent rectangle; if the doi_partition_type_idc[ i ] is equal to 3 and the doi_alpha_present_flag[ j ] is equal to 1, it indicates that the syntax elements doi_alpha_partition_width_minus1[ j ], doi_alpha_partition_height_minus1[ j ], doi_alpha_partition_top_left_x[ j ], and doi_alpha_partition_top_left_y[ j ] contained in the i-th layer are present in the SEI message. 
When doi_partition_type_idc[ i ] equal to 1, it is a requirement of bitstream conformance that both of the following conditions shall be true:
–	There is a constituent rectangles SEI message crSeiMsg preceding the DOI SEI message in decoding order.
–	There is an entry of cr_num_rects_in_layer_minus1[ lIdx ] in crSeiMsg for which cr_layer_id[ lIdx ] is equal to doi_layer_id[ i ], for each i in the range of 0 to doi_num_layers_minus1, inclusive.
When doi_partition_type_idc[ i ] equal to 2, it is a requirement of bitstream conformance that both of the following conditions shall be true:
–	There is a display rectangles SEI message drSeiMsg preceding the DOI SEI message in decoding order.
–	The nuh_layer_id of the coded picture associated with the display rectangles SEI message is equal to doi_layer_id[ i ].
doi_partition_idx_len_minus1[ i ] plus 1 specifies the length of the doi_partition_idx[ j ] and doi_alpha_partition_idx[ j ] syntax elements contained in the i-th layer.
doi_partition_param_length_minus1[ i ] plus 1 specifies the length of the doi_partition_width_minus1[ j ], doi_partition_height_minus1[ j ], doi_partition_top_left_x[ j ], doi_partition_top_left_y[ j ], doi_alpha_partition_width_minus1[ j ], doi_alpha_partition_height_minus1[ j ], doi_alpha_partition_top_left_x[ j ], and doi_alpha_partition_top_left_y[ j ] syntax elements contained in the i-th layer in bits.
doi_offset_params_present_flag equal to 1 specifies that offset parameters are present for the display overlay. doi_offset_params_present_flag equal to 0 specifies that offset parameters are not present for the display overlay.
doi_offset_param_length_minus1 plus 1 specifies the length of the doi_top_left_x[ j ] and doi_top_left_y[ j ], syntax elements in bits.
doi_resampling_enabled_flag equal to 1 specifies that display overlay components may be resampled in the target display picture. doi_resampling_enabled_flag equal to 0 specifies that display overlay components are not resampled in the target display picture.
doi_size_param_length_minus1 plus 1 specifies the length of the doi_width_minus1[ j ] and doi_height_minus1[ j ] syntax elements in bits.
doi_overlay_purpose[ j ] speficies the intended purpose of the j-th display overlay as specified in Table X where doi_overlay_purpose[ j ] is greater than 0 and ( doi_overlay_purpose[ j ]  & bitMask ). doi_overlay_purpose[ j ] not equal to 0 indicates that the information type with the bitMask value in Table X has been described. The value of doi_overlay_purpose[ j ] shall be in the range of 0 to 31, inclusive. The values greater than 31 are reserved for future use by ITU‑T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. When doi_overlay_purpose[ j ] equals to 0, the purpose of the j-th overlay is unknown or unspecified.
Table X – doi_overlay_purpose[ j ] and doi_set_purpose[ s ]

	PurposeMask
	Description

	0x01
	Subtitle or Caption

	0x02
	User Interface (UI) element

	0x04
	Branding

	0x08
	Interactive element (e.g., AR marker)

	0x10
	Sensor overlay


doi_overlay_restriction[ j ] speficies the display restrictions associated to the j-th display overlay as specified in Table Y. The value of doi_overlay_restriction[ j ] shall be in the range of 0 to 3, inclusive. The values greater than 3 are reserved for future use by ITU‑T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. 
Table Y – doi_overlay_restriction[ j ]

	Value
	Description

	0
	Unrestricted

	1
	No occlusion allowed

	2
	No distortion allowed

	3
	No modification allowed


doi_layer_idx[ j ] specifies the layer index of the texture component of the j-th display overlay. When not present, the value of doi_layer_idx[ j ] is inferred to be equal to 0. The length of the syntax element is Ceil( Log2( doi_num_layers_minus1 + 1) ). The value of doi_layer_idx[ j ] shall be in the range of 0 to doi_num_layers_minus1, inclusive.
doi_partition_idx[ j ], when present and doi_partition_type_idc[ doi_layer_idx[ j ] ] equal to 1, specifies the constituent rectangle index that represents the texture component of the j-th display overlay. doi_partition_idx[ j ], when present and doi_partition_type_idc[ doi_layer_idx[ j ] ] equal to 0, specifies the subpicture index of the texture component of the j-th display overlay. doi_partition_idx[ j ], when present and doi_partition_type_idc[ doi_layer_idx[ j ] ] equal to 2, specifies the display rectangle index of the texture component of the j-th display overlay. When not present, the value of doi_partition_idx[ j ] is inferred to be equal to 0. The length of the syntax element is doi_partition_idx_len_minus1[ doi_layer_idx[ j ] ] + 1 bits.
When doi_partition_type_idc[ doi_layer_idx[ j ] ] is equal to 1, doi_partition_idx[ j ] shall be in the range of 0 to cr_num_rects_in_layer_minus1[ lIdx ] in crSeiMsg for which cr_layer_id[ lIdx ] is equal to doi_layer_id[ doi_layer_idx[ j ] ], inclusive. The value of cr_rect_type_idc[ lIdx ][ doi_partition_idx[ j ] ] in crSeiMsg for which cr_layer_id[ lIdx ] is equal to doi_layer_id[ doi_layer_idx[ j ] ], shall not be equal to 255. When doi_partition_type_idc[ doi_layer_idx[ j ] ] is equal to 0, doi_partition_idx[ j ] shall be in the range of 0 to NumSubpics[ doi_layer_id[doi_layer_idx[ j ]] ] − 1, inclusive.
doi_partition_width_minus1[ j ] plus 1, when present, specifies the width of the j-th display overlay in the coded picture, in luma samples. The length of the syntax elements is doi_partition_param_length_minus1[doi_layer_idx[ j ] ] plus 1 bits.
doi_partition_height_minus1[ j ] plus 1, when present, specifies the height of the j-th display overlay in the coded picture, in luma samples. The length of the syntax elements is doi_partition_param_length_minus1[doi_layer_idx[ j ] ]  plus 1 bits.
doi_partition_top_left_x[ j ], doi_partition_top_left_y[ j ] specify the horizontal and vertical positions, respectively, of the top left corner of the j-th display overlay in the coded picture, in luma samples. The length of the syntax elements is doi_partition_param_length_minus1[ doi_layer_idx[ j ] ] plus 1 bits.
The sum of doi_partition_top_left_x[ j ] and doi_partition_width_minus1[ j ] + 1 shall be less than or equal to PicWidthInLumaSamples[ doi_layer_id[ doi_layer_idx[ j ] ] ] and the sum of doi_partition_top_left_x[ j ] and doi_partition_height_minus1[ j ] + 1 shall be less than or equal to PicHeightInLumaSamples[ doi_layer_id[ doi_layer_idx[ j ] ] ].
doi_alpha_present_flag[ j ] equal to 1 specifies that an alpha component is provided for the j-th display overlay. doi_alpha_present_flag[ j ] equal to 0 specifies that an alpha component is not provided for the j-th display overlay.
doi_alpha_layer_idx[ j ] specifies the layer index of the alpha component of the j-th display overlay. When not present, the value of doi_alpha_layer_idx[ j ] is inferred to be equal to 0. The length of the syntax element is Ceil( Log2( doi_num_layers_minus1 + 1) ). The value of doi_alpha_layer_idx[ j ] shall be in the range of 0 to doi_num_layers_minus1, inclusive.
doi_alpha_partition_idx[ j ], when present and doi_partition_type_idc[ doi_alpha_layer_idx[ j ] ] equal to 1, specifies the constituent rectangle index of the alpha component of the j-th display overlay. doi_alpha_partition_idx[ j ], when present and doi_partition_type_idc[ doi_alpha_layer_idx[ j ] ] equal to 0, specifies the subpicture index of the alpha component of the j-th display overlay.  When not present, the value of doi_alpha_partition_idx[ j ] is inferred to be equal to 0. The length of the syntax element is doi_partition_idx_len_minus1[ doi_alpha_layer_idx[ j ] ] +1 bits.
When doi_partition_type_idc[ doi_alpha_layer_idx[ j ] ] is equal to 1, doi_alpha_partition_idx[ j ] shall be in the range of 0 to cr_num_rects_in_layer_minus1[ lIdx ] in crSeiMsg for which cr_layer_id[ lIdx ] is equal to doi_layer_id[ doi_alpha_layer_idx[ j ] ], inclusive. The value of cr_rect_type_idc[ lIdx ][ doi_alpha_partition_idx[ j ] ] in crSeiMsg for which cr_layer_id[ lIdx ] is equal to doi_layer_id[ doi_alpha_layer_idx[ j ] ], shall not be equal to 255. When doi_partition_type_idc[ doi_alpha_layer_idx[ j ] ] equal to 0, doi_alpha_partition_idx[ j ] shall be in the range of 0 to NumSubpics[ doi_layer_id[doi_alpha_layer_idx[ j ]] ] − 1, inclusive.
doi_alpha_partition_width_minus1[ j ] plus 1, when present, specifies the width of alpha component of  the j-th display overlay in the coded picture, in luma samples. The length of the syntax elements is doi_partition_param_length_minus1[doi_alpha_layer_idx[ j ] ] + 1 bits.
doi_alpha_partition_height_minus1[ j ] plus 1, when present, specifies the height of alpha component of  the j-th display overlay in the coded picture, in luma samples. The length of the syntax elements is doi_partition_param_length_minus1[doi_alpha_layer_idx[ j ] ] + 1 bits.
doi_alpha_partition_top_left_x[ j ], doi_alpha_partition_top_left_y[ j ] specify the horizontal and vertical positions, respectively, of the top left corner of alpha component of the j-th display overlay in the coded picture. The length of the syntax elements is doi_partition_param_length_minus1[doi_alpha_layer_idx[ j ] ] + 1 bits.
The sum of doi_alpha_partition_top_left_x[ j ] and doi_alpha_partition_width_minus1[ j ] + 1 shall be less than or equal to PicWidthInLumaSamples[ doi_layer_id[doi_alpha_layer_idx[ j ]] ] and the sum of doi_alpha_partition_top_left_x[ j ] and doi_alpha_partition_height_minus1[ j ] + 1 shall be less than or equal to PicHeightInLumaSamples[doi_layer_id[doi_alpha_layer_idx[ j ]] ].
doi_partition_same_size_flag[ j ], when present, equal to 1 specifies that syntax elements doi_alpha_partition_width_minus1[ j ] and doi_alpha_partition_height_minus1[ j ] are not present and are inferred to be equal to doi_partition_width_minus1[ j ] and doi_partition_height_minus1[ j ], respectively. doi_partition_same_size_flag[ j ] equal to 0 specifies that syntax elements doi_alpha_partition_width_minus1[ j ] and doi_alpha_partition_height_minus1[ j ] are present.

doi_top_left_x[ j ] and doi_top_left_y[ j ] specify the horizontal and vertical positions, respectively, of the top left corner of the j-th display overlay in the target display picture, in luma samples. When not present, the values of doi_top_left_x[ j ] and doi_top_left_y[ j ] are inferred to be equal to 0. The length of the syntax elements is doi_offset_param_length_minus1 + 1 bits.
doi_width_minus1[ j ] plus 1 and doi_height_minus1[ j ] plus 1, when present, specify the width and height, respectively, in luma samples arrays of the j-th display overlay in the target display picture. The length of the syntax elements is doi_size_param_length_minus1 + 1 bits.
[bookmark: _Hlk178756859]When doi_target_pic_full_occ_flag equal to 1, it is a requirement of bitstream conformance that for each (x, y) sample position for x in 0 .. doi_target_pic_width_minus1, y in 0 .. doi_target_pic_height_minus1, there is at least one value of i in 0 .. doi_num_display_overlays_minus1 for which the following two conditions are met:
–	doi_top_left_x[ j ]  <=  x  <=  doi_top_left_x[ j ] + doi_width_minus1[ j ]
–	doi_top_left_y[ j ]  <=  y  <=  doi_top_left_y[ j ] + doi_height_minus1[ j ]
The variables CodedOverlayTexture[ j ] and CodedOverlayAlpha[ j ] are picture sample arrays with luma resolution CodedOverlayWidth[ j ] × * CodedOverlayHeight[ j ], derived as follows:
–	If doi_pic_partition_flag[ doi_layer_idx[ j ] ] is equal to 0, the following applies:
–	CodedOverlayWidth[ j ] is set equal to PicWidthInLumaSamples[ doi_layer_id[ doi_layer_idx[ j ] ] ].
–	CodedOverlayHeight[ j ] is set equal to PicHeightInLumaSamples[ doi_layer_id[ doi_layer_idx[ j ]] ].
–	If there is a picture in the AU for the layer with layer identifier doi_layer_id[ doi_layer_idx[ j ]], CodedOverlayTexture[ j ] is set equal to the cropped decoded picture from the layer with layer identifier doi_layer_id[ doi_layer_idx[ j ] ] in the AU. Otherwise (there is no picture in the AU for the layer with layer identifier doi_layer_id[ doi_layer_idx[ j ]]), CodedOverlayTexture[ j ] is set equal to the previous cropped decoded picture in output order in the layer with layer identifier doi_layer_id[ doi_layer_idx[ j ]].
–	If doi_alpha_present_flag[ j ] equal to 1, the following applies:
· 	CodedOverlayAlphaWidth[ j ] is set equal to PicWidthInLumaSamples[ doi_layer_id[ doi_alpha_layer_idx[ j ]] ].
· 	CodedOverlayAlphaHeight[ j ] is set equal to PicHeightInLumaSamples[ doi_layer_id[ doi_alpha_layer_idx[ j ]] ].
· 	If there is a picture in the AU for the layer with layer identifier doi_layer_id [doi_alpha_layer_idx[ j ]], CodedOverlayAlpha[ j ] is set equal to the cropped decoded picture from the layer with layer identifier doi_layer_id[ doi_alpha_layer_idx[ j ] ] in the AU.
· 	Otherwise (there is no picture in the AU for the layer with layer identifier doi_layer_id[ doi_alpha_layer_idx[ j ]]), CodedOverlayAlpha[ j ] is set equal to the previous cropped decoded picture in output order in the layer with layer identifier doi_layer_id [ doi_alpha_layer_idx[ j ] ].
–	Otherwise (doi_pic_partition_flag[ doi_layer_idx[ j ] ] is equal to 1), the following applies:
–	If doi_partition_type_idc[ doi_layer_idx[ j ] ] is equal to 0, the following applies:
–	CodedOverlayTexture[ j ] is set equal to the subpicture with subpicture index doi_partition_idx[ j ] from the layer with layer identifier doi_layer_id[ doi_layer_idx[ j ] ].
–	CodedOverlayWidth[ j ] is set equal to SubPicWidth[ doi_layer_id[ doi_layer_idx[ j ] ] ][ doi_partition_idx[ j ] ].
–	CodedOverlayHeight[ j ] is set equal to SubPicHeight[ doi_layer_id[ doi_layer_idx[ j ] ] ][ doi_partition_idx[ j ] ].
–	If doi_alpha_present_flag[ j ] equal to 1, the following applies:
–	CodedOverlayAlphaWidth[ j ] is set equal to SubPicWidth[ doi_layer_id[ doi_alpha_layer_idx[ j ] ] ][ doi_alpha_partition_idx[ j ] ].
–	CodedOverlayAlphaHeight[ j ]  is set equal to SubPicHeight[ doi_layer_id[ doi_alpha_layer_idx[ j ] ] ][ doi_alpha_partition_idx[ j ] ].
–	CodedOverlayAlpha[ j ] is set equal to the subpicture with subpicture index doi_alpha_partition_idx[ j ] from the layer with layer identifier doi_layer_id[ doi_alpha_layer_idx[ j ] ].
–	Otherwise, if doi_partition_type_idc[ doi_layer_idx[ j ] ] is equal to 1, the following applies:
–	CodedOverlayWidth[ j ] is set equal to CrRectWidth[ doi_layer_id[ doi_layer_idx[ j ] ] ][ doi_partition_idx[ j ] ].
–	CodedOverlayHeight[ j ] is set equal to CrRectHeight[ doi_layer_id[ doi_layer_idx[ j ] ] ][ doi_partition_idx[ j ] ].
–	CodedOverlayTexture[ j ] is set equal to the constituent rectangle with cr_rect_id[ lIdx ][ doi_partition_idx[ j ] ] in crSeiMsg for which cr_layer_id[ lIdx ] is equal to doi_layer_id[ doi_layer_idx[ j ] ].
–	If doi_alpha_present_flag[ j ] equal to 1, the following applies:
–	CodedOverlayAlphaWidth[ j ] is set equal to CrRectWidth[doi_layer_id [doi_alpha_layer_idx[ j ]]] [ doi_alpha_partition_idx[ j ] ].
–	CodedOverlayAlphaHeight[ j ] is set equal to CrRectHeight[doi_layer_id [doi_alpha_layer_idx[ j ]]] [ doi_alpha_partition_idx[ j ] ].
–	CodedOverlayAlpha[ j ] is set equal to the constituent rectangle with cr_rect_id[ lIdx ][ doi_alpha_partition_idx[ j ] ] in crSeiMsg for which cr_layer_id[ lIdx ] is equal to doi_layer_id[ doi_alpha_layer_idx[ j ] ].
–	Otherwise, if doi_partition_type_idc[ doi_layer_idx[ j ] ] is equal to 2, the following applies:
–	CodedOverlayWidth[ j ] is set equal to DrRectWidth[ doi_partition_idx[ j ] ].
–	CodedOverlayHeight[ j ] is set equal to DrRectHeight[ doi_partition_idx[ j ] ].
–	CodedOverlayTexture[ j ] is set equal to the (doi_partition_idx[ j ])-th display rectangle from the layer with layer identifier equal to doi_layer_id[ doi_layer_idx[ j ] ].
–	Otherwise, if doi_partition_type_idc[ doi_layer_idx[ j ] ] is equal to 3, the following applies:
–	CodedOverlayWidth[ j ] is set equal to doi_partition_width_minus1[ j ] + 1.
–	CodedOverlayHeight[ j ] is set equal to doi_partition_height_minus1[ j ] + 1.
–	CodedOverlayTexture[ j ] is set equal to the region defined by CodedOverlayWidth[ j ] and CodedOverlayHeight[ j ] and doi_partition_top_left_x[ j ], doi_partition_top_left_y[ j ].
–	If doi_alpha_present_flag[ j ] equal to 1 and doi_partition_same_size_flag[ j ] equal to 0, the following applies:
–	CodedOverlayAlphaWidth[ j ] is set equal to doi_alpha_partition_width_minus1[ j ] + 1.
–	CodedOverlayAlphaHeight[ j ] is set equal to doi_alpha_partition_height_minus1[ j ] + 1
–	CodedOverlayAlpha[ j ] is set equal to the region defined by CodedOverlayAlphaWidth[ j ] and CodedOverlayAlphaHeight[ j ] and doi_alpha_partition_top_left_x[ j ], doi_alpha_partition_top_left_y[ j ].
–	If doi_alpha_present_flag[ j ] equal to 1 and and doi_partition_same_size_flag[ j ] equal to 1, the following applies:
–	CodedOverlayAlphaWidth[ j ] is set equal to CodedOverlayWidth[ j ].
–	CodedOverlayAlphaHeight[ j ] is set equal to CodedOverlayHeight[ j ].
–	CodedOverlayAlpha[ j ] is set equal to the region defined by CodedOverlayAlphaWidth[ j ] and CodedOverlayAlphaHeight[ j] and doi_alpha_partition_top_left_x[ j ], doi_alpha_partition_top_left_y[ j ].
The variables DisplayOverlayTexture[ j ] and DisplayOverlayAlpha[ j ] are sample arrays with luma resolution DisplayOverlayWidth[ j ] × * DisplayOverlayHeight[ j ], derived as follows:
–	If doi_resampling_enabled_flag is equal to 1, the following applies:
		–	DisplayOverlayWidth[ j ]  is set equal to doi_width_minus1[ j ] + 1.
		–	DisplayOverlayHeight[ j ] is set equal to doi_height_minus1[ j ] + 1.
–	OverlayTexture[ j ] is derived by resampling CodedOverlayTexture[ j ] from a luma resolution of ( CodedOverlayWidth[ j ] × CodedOverlayHeight[ j ] ) to a luma resolution of ( DisplayOverlayWidth[ j ] × DisplayOverlayHeight[ j ] ).
–	OverlayAlpha[ j ] is derived by resampling CodedOverlayAlpha[ j ] from a luma resolution of ( CodedOverlayAlphaWidth[ j ] × CodedOverlayAlphaHeight[ j ] ) to a luma resolution of ( DisplayOverlayWidth[ j ]  × DisplayOverlayHeight[ j ] )
–	Otherwise (doi_resampling_enabled_flag is equal to 0), the following applies:
–	DisplayOverlayWidth[ j ] is set equal to CodedOverlayWidth[ j ].
–	DisplayOverlayHeight[ j ] is set equal to CodedOverlayHeight[ j ].
– 	OverlayTexture[ j ] is set equal to CodedOverlayTexture[ j ].
– 	OverlayAlpha[ j ] is set equal to CodedOverlayAlpha[ j ].
The variables TargetPicWidth and TargetPicHeight, for the target display picture width and height, respectively, are derived as follows:
–	If doi_target_pic_size_present_flag is equal to 1, the following applies:
–	TargetPicWidth is set equal to doi_target_pic_width_minus1 + 1
–	TargetPicHeight is set equal to doi_target_pic_height_minus1 + 1
–	Otherwise (doi_target_pic_size_present_flag is equal to 0), the following applies:
–	TargetPicWidth is set equal to DisplayOverlayWidth[ 0 ].
–	TargetPicHeight is set equal to DisplayOverlayHeight[ 0 ].
The sum of doi_top_left_x[ j ] and doi_width_minus1[ j ] + 1 shall be less than or equal to TargetPicWidth and the sum of doi_top_left_y[ j ] and doi_height_minus1[ j ] + 1  shall be less than or equal to TargetPicHeight.
Let OverlayWithAlpha( tgtPic[ x ][ y ], tgtBitDepth,  ovlTex[ w ][ h ], ovlBitDepth, ovlAlp[ w ][ h ], ovlAlphaBitDepth ) be specified as a function that returns the sample values derived by applying the alpha channel using tgtPic[ x ][ y ] as the background sample, ovlTex[ w ][ h ] as the foreground sample, and ovlAlp[ w ][ h ] as the alpha channel sample, and tgtBitDepth, ovlBitDepth and ovlAlphaBitDepth respectively referring to the bit depth of the background sample, foreground sample and alpha channel sample, using the process specified in subclause 8.23 if an alpha channel information SEI message is present in the CVS, or using a process determined via external means.
The variables TargetPicSubWidthC and TargetPicSubHeightC is specified as in the Table below:
	doi_target_pic_chroma_format_idc
	TargetPicSubWidthC
	TargetPicSubHeightC

	0
	1
	1

	1
	2
	2

	2
	2
	1

	3
	1
	1



A list of display overlay set index values, SelSetIdx[ n ], of length NumSelSets, associated with a target picture may be determined by external means. If a display overlay set index is not conveyed by external means, NumSelSets is set equal to 1 and SelSetIdx[ 0 ] set equal to 0.
A target display picture for the list of display overlay set index values, SelSetIdx[ n ], should be formed as follows, with picture array, TargetPicture[ cIdx ][ x ][ y ] , with cIdx = 0..(doi_target_pic_chroma_format_idc = = 0 ) ? 0 : 2, x = 0..( cIdx = = 0 ) ? TargetPicWidth : TargetPicWidth / TargetPicSubWidthC − 1, y = 0..( cIdx = = 0 ) ? TargetPicHeight : TargetPicHeight / TargetPicSubHeightC − 1.
for( cIdx = 0; cIdx <= (doi_target_pic_chroma_format_idc = = 0) ? 0 : 2; cIdx++ )
		for( y = 0;  y < ( ( cIdx  = =  0 ) ? TargetPicHeight : TargetPicHeight / TargetPicSubHeightC ); y++ )
			for( x = 0; x <  ( ( cIdx  = =  0 ) ? TargetPicWidth : TargetPicWidth / TargetPicSubWidthC ); x++ )
				TargetPicture[ cIdx ][ x ][ y ] = doi_target_init_sample[ cIdx ]
for( j = 0; j < doi_num_display_overlays_minus1 + 1; j++ ) {
	BitShiftY = targetBitDepth – BitDepthY [doi_layer_id[ doi_layer_idx[ j ]] ] 
	for( h = 0, y = doi_top_left_y[ j ]; y < DisplayOverlayHeight[ j ]; h++, y++ ) 
		for( w = 0, x = doi_top_left_x[ j ]; x < DisplayOverlayWidth[ j ]; w++, x++ )
				for( n = 0; n < NumSelSets ; n++ )
					if ( doi_in_set_flag[ SelSetIdx[ n ] ][ j ] ) {
						if( !doi_alpha_present_flag[ j ] ) {
							p = OverlayTexture[ j ][ 0 ][ w ][ h ]
							TargetPicture[ 0 ][ x ][ y ] = ( BitShiftY < 0 ? p >> –BitShiftY : p << BitShiftY)
						} else {
							TargetPicture[ 0 ][ x ][ y ] = OverlayWithAlpha( TargetPicture[ 0 ][ x ][ y ], targetBitDepth, 
								OverlayTexture[ j ][ 0 ][ w ][ h ], BitDepthY[doi_layer_id[ doi_layer_idx[ j ] ] ],
								OverlayAlpha[ j ][ w ][ h ], BitDepthY[doi_layer_id[doi_alpha_layer_idx[ j ] ] ] )
						}
					}
	BitShiftC = targetBitDepth – BitDepthC [doi_layer_id[ doi_layer_idx[ j ] ] ] 
	for( cIdx = 1; cIdx < (ChromaFormatIdc[ doi_layer_id[ doi_layer_idx[ j ] ] ] = = 0 ) ? 1 : 3; cIdx++ ++ )
		for( h = 0, y = doi_top_left_y[ j ]/SubHeightC[ doi_layer_id[ doi_layer_idx[ j ] ] ]; 
					y < DisplayOverlayHeight[ j ]/ SubHeightC[ doi_layer_id[ doi_layer_idx[ j ] ] ]; h++, y++ ) 
				for( w = 0, x = doi_top_left_x[ j ]/SubWidthC[ doi_layer_id[ doi_layer_idx[ j ] ] ]; 
						x < DisplayOverlayWidth[ j ]/ SubWidthC[ doi_layer_id[ doi_layer_idx[ j ] ] ]; w++, x++ )
					for( n = 0; n < NumSelSets ; n++ )
						if ( doi_in_set_flag[ SelSetIdx[ n ] ][ j ] ) {
							if( !doi_alpha_present_flag[ j ] ) {
								p = OverlayTexture[ j ][ cIdx ][ w ][ h ] 
								TargetPicture[ cIdx ][ x ][ y ] = ( BitShiftC < 0 ? p >> –BitShiftC : p << BitShiftC)
							} else {
								TargetPicture[ cIdx ][ x ][ y ] = OverlayWithAlpha( TargetPicture[ cIdx ][ x ][ y ], 
										targetBitDepth, OverlayTexture[ j ][ cIdx ][ w ][ h ], 
									BitDepthC[doi_layer_id[ doi_layer_idx[ j ] ] ], OverlayAlpha[ j ][ w ][ h ], 
									BitDepthY[doi_layer_id[ doi_alpha_layer_idx[ j ] ] ])
						}
					}
}

If doi_target_pic_alpha_flag equals to 1, the target display picture alpha should be formed as follows, with picture alpha array, TargetPictureAlpha[ x ][ y ] , with x = 0.. TargetPicWidth, y = 0..TargetPicHeight.
	for( y = 0;  y < TargetPicHeight ; y++ ) 
		for( x = 0; x < TargetPicWidth ; x++ ) 
			TargetPictureAlpha [ x ][ y ] = 0
	for( j = 0; j < doi_num_display_overlays_minus1 + 1; j++ ) {
		bitShiftA = targetBitDepth – BitDepthY[doi_layer_id[ doi_alpha_layer_idx[ j ] ] ]
		for( h = 0, y = doi_top_left_y[ j ]; y < DisplayOverlayHeight[ j ]; h++, y++ ) 
			for( w = 0, x = doi_top_left_x[ j ]; x < DisplayOverlayWidth[ j ]; w++, x++ )
				if( doi_alpha_present_flag[ j ] ) {
					p = ( bitShiftA < 0 ? OverlayAlpha[ j ][ w ][ h ] >> −bitShiftA : 
												 OverlayAlpha[ j ][ w ][ h ]  << bitShiftA )
					TargetPictureAlpha[ x ][ y ] + = ( p * ( (1<<targetBitDepth ) 
												– TargetPictureAlpha[ x ][ y ] ) ) >> targetBitDepth
				}
	}

Add clause 8.46: Bitdepth range information SEI message
8.46 Bitdepth range information SEI message
8.46.1 Bitdepth range information SEI message syntax

	bitdepth_range_info( payloadSize ) {
	Descriptor

		bri_orig_bit_depth_minus1
	u(4)

		bri_num_ranges_minus1
	u(2)

		if( bri_num_ranges_minus1 > 0 ) {
	

			bri_layer_id_present_flag
	u(1)

			bri_pic_partition_flag
	u(1)

			if( bri_pic_partition_flag ) {
	 

				bri_partition_type_idc
	u(2)

				if( bri_partition_type_idc < 2 )
	

					bri_partition_idx_len_minus1
	u(4)

				else if( bri_partition_type_idc  = =  2 ) {
	

					bri_partition_param_length_minus1
	u(4)

					bri_partition_width_minus1
	u(v)

					bri_partition_height_minus1
	u(v)

				}
	

			}
	

		}
	

		for( i = 0; i  <=  bri_num_ranges_minus1; i++ ) {
	 

			if( bri_layer_id_present_flag )
	 

				bri_layer_id[ i ]
	ue(v)

			if( bri_pic_partition_flag )
	 

				if( bri_partition_type_idc < 2 )
	

					bri_partition_idx[ i ]
	u(v)

				else {
	

					bri_partition_top_left_x[ i ]
	u(v)

					bri_partition_top_left_y[ i ]
	u(v)

				}
	

			bri_num_bits_in_range_minus1[ i ]
	u(4)

			bri_bit_offset[ i ]
	u(4)

		}
	

	}
	



8.46.2 Bitdepth range information SEI message semantics
The Bitdepth range information (BRI) SEI message enables reconstruction of a target picture of the same bit depth as an original source picture by inverting operations performed by the encoder to allocate bit ranges of the original source picture to one or more ranges coded in separate layer pictures, subpictures, or constituent rectangles.
Use of this SEI message requires the definition of the following variables, where i is the layer identifier of a layer that may be present in the current CVS:
–	A chroma format indicator, denoted herein by ChromaFormatIdc[ i ], as described in clause 7.3.
–	A bit depth for the samples, denoted herein by BitDepth[ i ].
–	An array of picture width and picture height in units of luma samples, denoted herein by PicWidthInLumaSamples[ i ] and PicHeightInLumaSamples[ i ], respectively.
–	An array of subpicture counts, denoted by NumSubpics[ i ].
–	Arrays of the width and height of the subpictures, denoted herein by SubPicWidth[ i ][ j ] and SubPicHeight[ i ][ j ] respectively, where j is the subpicture index in the range of 0 to NumSubpics[ i ] − 1, inclusive.
When a BRI SEI message is present for any picture of a CLVS of a particular layer, a BRI SEI message shall be present for the first picture of the CLVS. The BRI SEI message persists for the current layer in decoding order from the current picture until the end of the CLVS. All BRI SEI messages that apply to the same CLVS shall have the same content.
When a BRI SEI message is present for a picture of a CLVS of a particular layer, but there is no SEI message of the same type present for the first picture of the CLVS, a decoder should process the BRI SEI message as if an SEI message of the same type were present for the first picture of the CLVS with the same content as the present BRI SEI message.
bri_orig_bit_depth_minus1 plus 1 specifies the bit depth of the original picture.
The variable OrigBitDepth is set equal to bri_orig_bit_depth_minus1 + 1.
bri_num_ranges_minus1 + 1 specifies the number of ranges used for allocating bits of the original picture.
The variable briNumRanges is set equal to bri_num_ranges_minus1 + 1.
bri_layer_id_present_flag equal to 1 specifies that the bri_layer_id[ i ] syntax element is present in the SEI message. bri_layer_id_present_flag equal to 0 specifies that the bri_layer_id[ i ] syntax element is not present in the SEI message. When not present, the value of bri_layer_id_present_flag is inferred to be equal to 0.
bri_pic_partition_flag equal to 1 specifies that the bri_partition_idx[ i ] syntax element is present in the SEI message. bri_pic_partition_flag equal to 0 specifies that the bri_partition_idx[ i ] syntax element is not present in the SEI message. When not present, the value of bri_pic_partition_flag is inferred to be equal to 0.
It is a requirement of bitstream conformance that at least one of bri_layer_id_present_flag or bri_pic_partition_flag shall be equal to 1 when bri_num_ranges_minus1 is greater than 0.
bri_partition_type_idc equal to 0 specifies that each range is coded as a subpicture. bri_partition_type_idc equal to 1 specifies that each range is coded as a constituent rectangle. bri_partition_type_idc equal to 2 specifies that the partition information is explicitly defined, and the syntax elements bri_partition_top_left_x[ i ], bri_partition_top_left_y[ i ], bri_partition_width_minus1, bri_partition_height_minus1 are present. Value 3 for bri_partition_type_idc is reserved for future use by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders conforming to this version of this Specification shall ignore BRI SEI messages with bri_partition_type_idc equal to 3.
When bri_partition_type_idc is equal to 1, it is a requirement of bitstream conformance that both of the following conditions shall be true:
–	There is a constituent rectangles SEI message crSeiMsg preceding the BRI SEI message in decoding order.
–	There is an entry of cr_num_rects_in_layer_minus1[ lIdx ] in crSeiMsg for which cr_layer_id[ lIdx ] is equal to bri_layer_id[ i ] for each i in the range of 0 to bri_num_ranges_minus1, inclusive.
bri_partition_idx_len_minus1 + 1 specifies the length, in bits, of the bri_partition_idx[ i ] syntax elements.
bri_partition_param_length_minus1 plus 1 specifies the length of the bri_partition_width_minus1, bri_partition_height_minus1, bri_partition_top_left_x[ i ], bri_partition_top_left_y[ i ] syntax elements in bits.
bri_partition_width_minus1 plus 1, when present, indicates the width of the partition, which is equal to the width of the target picture in luma samples that can be reconstructed from the allocated bit ranges described in this SEI message. The length of the syntax elements is bri_partition_param_length_minus1 + 1 bits.
bri_partition_height_minus1 plus 1, when present, indicates the height of the partition, which is equal to the height of the target picture in luma samples that can be reconstructed from the allocated bit ranges described in this SEI message. The length of the syntax elements is bri_partition_param_length_minus1 + 1 bits.
bri_layer_id[ i ], when present, specifies the layer identifier of the texture component of the i-th range. When not present, the value of bri_layer_id[ i ] is inferred to be equal to the layer identifier of the PU containing the BRI SEI message.
The value of bri_layer_id[ i ] shall be in the range of 0 to 2 047, inclusive.
NOTE – The value range of bri_layer_id[ i ] can be further restricted in the interface texts in specific video coding standard specifications.
When this SEI message is present in any layer in the current AU, it is a requirement of bitstream conformance that a BRI SEI message with the same payload content is present in the layer with layer identifier equals to the lowest value of bri_layer_id[ i ] for i in the range from 0 to bri_num_ranges_minus1, inclusive.
bri_partition_idx[ i ], when present and bri_partition_type_idc equal to 1, specifies the constituent rectangle index for the i-th range. bri_partition_idx[ i ], when present and bri_partition_type_idc equal to 0, specifies the subpicture index for the i-th range. When not present, the value of bri_partition_idx[ i ] is inferred to be equal to 0.
When bri_partition_type_idc is equal to 1, bri_partition_idx[ i ] shall be in the range of 0 to cr_num_rects_in_layer_minus1[ idx ], inclusive, for which the value of idx shall be such that cr_layer_id[ idx ] is equal to bri_layer_id[ i ]. The value of cr_rect_type_idc of the constituent rectangle specified by bri_partition_idx[ i ] shall not be equal to 255. When bri_partition_type_idc equal to 0, bri_partition_idx[ i ] shall be in the range of 0 to NumSubpics[ bri_layer_id[ i ] ] − 1, inclusive.
It is a requirement of bitstream conformance that, for any two different values of i and j in the range of 0 to briNumRanges − 1, inclusive, when bri_layer_id[ i ] is equal to bri_layer_id[ j ] and both bri_partition_idx[ i ] and bri_partition_idx[ j ] are present,, bri_partition_idx[ i ] shall not be equal to bri_partition_idx[ j ].
bri_partition_top_left_x[ i ] and bri_partition_top_left_y[ i ] specify the horizontal and vertical positions, respectively, of the top left corner of the i-th partition in the coded picture, in luma samples. The length of the syntax elements is bri_partition_param_length_minus1 + 1 bits.
Let k be the layer ID of the layer at which the i-th range is, and MaxPicWidth[ k ] and MaxPicHeight[ k ] be the maximum width and maximum height, respectively, in units of luma samples, of pictures of the layer with layer ID equal to k in the current CVS. It is a requirement of bitstream conformance that the sum of bri_partition_top_left_x[ i ] and CodedWidth[ i ] shall be less than or equal to MaxPicWidth[ k ], and the sum of bri_partition_top_left_y[ i ] and CodedHeight[ i ] shall be less than or equal to MaxPicHeight[ k ].
bri_num_bits_in_range_minus1[ i ] plus 1 specifies the number of bits in the i-th range. bri_num_bits_in_range_minus1[ i ] shall be in the range of 0 to BitDepth[ i ] − 1, inclusive.
The variable NumBits[ i ] is set equal to bri_num_bits_in_range_minus1[ i ] + 1.
The sum of NumBits[ i ] for i in the range of 0 to briNumRanges − 1, inclusvie, shall be less than or equal to OrigBitDepth.
bri_bit_offset[ i ] specifies a bit shifting parameter used to derive the target picture. bri_bit_offset[ i ] shall be in the range of 0 to BitDepth[ i ] − NumBits[ i ], inclusive.
The variables CodedRangeRegion[ i ] CodedWidth[ i ], and CodedHeight[ i ] are derived as follows:
–	If bri_pic_partition_flag is equal to 0, the following applies:
–	CodedWidth[ i ] is set equal to PicWidthInLumaSamples[ bri_layer_id[ i ] ] ].
–	CodedHeight[ i ] is set equal to PicWidthInLumaSamples[ bri_layer_id[ i ] ].
–	CodedRangeRegion[ i ] is set equal to the cropped decoded picture from the layer with layer identifier bri_layer_id[ i ] in the AU
–	Otherwise, if bri_partition_type_idc is equal to 0, the following applies:
–	CodedWidth[ i ] is set equal to SubPicWidth[ bri_layer_id[ i ] ][ bri_partition_idx[ i ] ].
–	CodedHeight[ i ] is set equal to SubPicHeight[ bri_layer_id[ i ] ][ bri_partition_idx[ i ] ].
–	CodedRangeRegion[ i ] is set equal to the subpicture with subpicture index bri_partition_idx[ i ] from the layer with layer identifier bri_layer_id[ i ].
–	Otherwise (bri_partition_type_idc is equal to 1), the following applies:
–	CodedWidth[ i ] is set equal to CrRectWidth[ bri_layer_id[ i ] ][ bri_partition_idx[ i ] ].
–	CodedHeight[ i ] is set equal to CrRectHeight[ bri_layer_id[ i ] ][ bri_partition_idx[ i ] ].
–	CodedRangeRegion[ i ] is set equal to the constituent rectangle with the index equal to bri_partition_idx[ i ] from the layer with layer identifier bri_layer_id[ i ].
–	Otherwise, if bri_partition_type_idc is equal to 2, the following applies:
–	CodedWidth[ i ] is set equal to bri_partition_width_minus1 + 1.
–	CodedHeight[ i ] is set equal to bri_partition_height_minus1 + 1.
–	CodedRangeRegion[ i ] is set equal to the region defined by CodedWidth[ i ] and CodedHeight[ i ] and bri_partition_top_left_x[ i ], bri_partition_top_left_y[ i ].
It is a requirement of bitstream conformance that any sample (x, y) belongs to at most one range.
It is a requirement of bitstream conformance that CodedWidth[ i ] shall be equal to CodedWidth[ j ] and CodedHeight[ i ] shall be equal to CodedHeight[ j ] for all i and j in the range of 0 to briNumRanges − 1, inclusive.
The samples SampleToCode[ i ] of CodedRangeRegion[ i ], for i in the range of 0 to briNumRanges − 1, inclusive, are indicated to have been pre-processed prior to encoding from an original source picture of resolution CodedWidth[ 0 ] x CodedHeight[ 0 ] with chroma format ChromaFormatIdc and bit depth OrigBitDepth, according to the process of subclause 8.X.2.1.
Each sample, TargetSample, of a target picture of resolution CodedWidth[ 0 ] by CodedHeight[ 0 ] with chroma format ChromaFormatIdc and bit depth OrigBitDepth, may be reconstructed using the Target sample reconstruction process described in subclause 8.X.2.2, for each sample, DecodedSample[ i ] of CodedRangeRegion[ i ] for i in the range of 0 to briNumRanges − 1, inclusive.

8.X.2.1 Sample pre-process prior to encoding
The sample to code for the i-th range SampleToCode[ i ] for i in the range of 0 to briNumRanges − 1, inclusive, is derived as follows, with InputSample as the input sample:

currOrigBitPos = 0
for(i = 0; i < briNumRanges; i++) {
mask = ( 1  <<  NumBits[ i ] ) − 1
k = OrigBitDepth – currOrigBitPos − NumBits[ i ]
shiftedInput = InputSample  >>  k
SampleToCode[ i ] = ( shiftedInput & mask )  <<  bri_bit_offset[ i ]
currOrigBitPos  +=  NumBits[ i ]
}

8.X.2.2 Target sample reconstruction process
The target sample TargetSample is derived as follows, with DecodedSample[ i ] as the decoded sample of the i-th range:

	currTargetBitPos = 0
	TargetSample = 0
	for( i = 0; i < briNumRanges; i++ ) {
		k = OrigBitDepth − currTargetBitPos − NumBits[ i ]
		maxVal = ( 1  <<  ( NumBits[ i ] + bri_bit_offset[ i ] ) ) − 1
		if ( bri_bit_offset[ i ] > 0 )
			decRoundingOffset = 1  <<  ( bri_bit_offset[ i ] − 1 )
		else
			decRoundingOffset = 0
		adjustedDecodedSample = Clip3( 0, maxVal, DecodedSample[ i ] + decRoundingOffset )
		shiftedDecodedSample = adjustedDecodedSample  >>  bri_bit_offset[ i ] 
		TargetSample  +=  shiftedDecodedSample  <<  k
		currTargetBitPos  +=  NumBits[ i ]
}

Add clause 8.47: Graphics rendering information SEI message
8.47 Graphics rendering information SEI message
8.47.1 Graphics rendering information SEI message syntax

	graphics_rendering_info( payloadSize ) {
	Descriptor

		gri_cancel_flag
	u(1)

		if ( !gri_cancel_flag ) {
	

			gri_game_engine_params_present_flag
	u(1)

			gri_projection_matrix_present_flag
	u(1)

			gri_world_to_cam_matrix_present_flag
	u(1)

			gri_depth_params_present_flag
	u(1)

			if( gri_game_engine_params_present_flag ) {
	

				gri_y_axis_up_flag
	u(1)

				gri_right_handed_flag
	u(1)

				gri_normalization_range_flag
	u(1)

				gri_perspective_projection_flag
	u(1)

				gri_data_precision_format_idc
	u(2)

			}
	

			if( gri_projection_matrix_present_flag )
	

				for( i = 0; i < 3; i++ ) 
	

					for( j = 0; j < 4; j++ ) 
	

						gri_projection_coeff[ i ][ j ]
	fl(v)

			if( gri_world_to_cam_matrix_present_flag )
	

				for( i = 0; i < 3; i++ ) 
	

					for( j = 0; j < 4; j++ ) 
	

						gri_world_to_cam_coeff[ i ][ j ]
	fl(v)

			if( gri_depth_params_present_flag ) {
	

				gri_near_plane
	fl(v)

				gri_far_plane
	fl(v)

				gri_depth_inverse_flag
	u(1)

				gri_focal_length
	fl(v)

			}
	

		}
	

	}
	



8.47.2 Graphics rendering information SEI message semantics
[bookmark: _Hlk179471843]The graphics rendering information (GRI) SEI message provides parameters used to create the source content by a graphics renderer.  A GRI SEI message may optionally indicate various parameters for auxiliary pictures of type AUX_DEPTH used to create of the source content by a graphics renderer.
When the SDI SEI message is present in the current CVS, the following applies:
· If the GRI SEI message is present, it shall be present in a primary layer.
· The GRI SEI message additionally applies to auxiliary layers of type AUX_DEPTH associated with the primary layer containing the GRI SEI message.
When an AU contains both an SDI SEI message with sdi_aux_id[ i ] equal to AUX_DEPTH for at least one value of i and a GRI SEI message with gri_depth_params_present_flag equal to 1, the SDI SEI message shall precede the GRI SEI message in decoding order and shall have sdi_aux_id[ lIdx ] equal to AUX_DEPTH for at least one value of lIdx and any value of j in the range of 0 to sdi_num_associated_layers_minus1[ lIdx ], inclusive, such that sdi_layer_id[ sdi_associated_layer_idx[ lIdx ][ j ] ] is equal to the layer identifier of the primary layer in which the GRI SEI message is present.
gri_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of any GRI SEI message in output order that applies to the current layerlayer. gri_cancel_flag equal to 0 indicates that graphics rendering information follows.
The graphics rendering information applies applies to the current picture and all subsequent pictures in the same layer in output order until one or more of the following conditions are true:
–	A new CLVS of the current layer begins.
–	The bitstream ends.
–	A picture in the current layer associated with a GRI SEI message is output that follows the current picture in output order.
When all the following conditions are satisfied, PrevGriSeiPresentFlag is set equal to 1:
–	Within the ccurrent CLVS, there is a GRI SEI message griSeiA in a PU preceding the current PU in output order.
–	The current GRI SEI message is the first GRI SEI message succeeding griSeiA in output order.
–	gri_cancel_flag of griSeiA is equal to 0
–	gri_cancel_flag of the current GRI SEI message is equal to 0.
Otherwise, PrevGriSeiPresentFlag is set equal to 0.
gri_game_engine_params_present_flag equal to 1 indicates that the gri_y_axis_up_flag, gri_right_hand_flag, gri_normalization_range_flag, gri_perspective_projection_flag, and gri_data_precision_format_idc syntax elements are present. gri_game_engine_params_present_flag equal to 0 indicates that the gri_y_axis_up_flag, gri_right_hand_flag, gri_normalization_range_flag, gri_perspective_projection_flag, and gri_data_precision_format_idc syntax elements are not present.
gri_projection_matrix_present_flag equal to 1 indicates that the gri_projection_coeff[ i ][ j ] syntax elements are present. gri_projection_matrix_present_flag equal to 0 indicates that the gri_projection_coeff[ i ][ j ] syntax  elements are not present.
gri_world_to_cam_matrix_present_flag equal to 1 indicates that the gri_world_to_cam_coeff[ i ][ j ] syntax elements are present. gri_world_to_cam_matrix_present_flag equal to 0 indicates that the gri_world_to_cam_coeff[ i ][ j ] syntax elements are not present.
gri_depth_params_present_flag equal to 1 indicates that the gri_depth_inverse_flag, gri_near_plane, gri_far_plane, and gri_focal_length syntax elements are present. gri_depth_params_present_flag equal to 0 indicates that the gri_depth_inverse_flag, gri_near_plane, gri_far_plane, and gri_focal_length syntax elements are not present.
gri_y_axis_up_flag equal to 1 indicates that the graphics engine used to create of the source content has a vertical Y axis in its coordinate system. gri_y_axis_up_flag equal to 0 indicates that the graphics engine used to create of the source content has a vertical Z axis in its coordinate system.
When gri_y_axis_up_flag is not present and PrevGriSeiPresentFlag is equal to 0, the value of gri_y_axis_up_flag is inferred to be equal to 1.
When gri_y_axis_up_flag is not present and PrevGriSeiPresentFlag is equal to 1, the value of gri_y_axis_up_flag is inferred to be equal to the value of the corresponding syntax element in the previous GRI SEI message in output order.
gri_right_handed_flag equal to 1 indicates that the graphics engine used to create of the source content indicates that the graphics engine used to create of the source content uses a right-handed coordinate system. gri_right_handed_flag equal to 0 indicates that the graphics engine used to create of the source content indicates that the graphics engine used to create of the source content uses a left-handed coordinate system.
When gri_right_handed_flag is not present and PrevGriSeiPresentFlag is equal to 0, the value of gri_right_handed_flag is inferred to be equal to 1.
When gri_right_handed_flag is not present and PrevGriSeiPresentFlag is equal to 1, the value of gri_ right_handed_flag is inferred to be equal to the value of the corresponding syntax element in the previous GRI SEI message in output order.
gri_normalization_range_flag equal to 1 indicates that the graphics engine used to create of the source content uses normalized coordinates in range of -1 to 1 inclusive. gri_normalization_range_flag equal to 0 indicates that the graphics engine used to create of the source content uses normalized coordinates in range of 0 to 1 inclusive.
When gri_normalization_range_flag is not present and PrevGriSeiPresentFlag is equal to 0, the value of gri_normalization_range_flag is inferred to be equal to 1.
When gri_normalization_range_flag is not present and PrevGriSeiPresentFlag is equal to 1, the value of gri_normalization_range_flag is inferred to be equal to the value of the corresponding syntax element in the previous GRI SEI message in output order.
gri_perspective_projection_flag equal to 1 indicates that the graphics engine used to create the source content uses projection projection. gri_perspective_projection_flag equal to 1 indicates that the graphics engine used to create the source content uses orthographic projection.
When gri_perspective_projection_flag is not present and PrevGriSeiPresentFlag is equal to 0, the value of gri_perspective_projection_flag is inferred to be equal to 1.
When gri_perspective_projection_flag is not present and PrevGriSeiPresentFlag is equal to 1, the value of gri_perspective_projection_flag is inferred to be equal to the value of the corresponding syntax element in the previous GRI SEI message in output order.
gri_data_precision_format_idc is used to derive GriParamLen, the length of the gri_projection_coeff[ i ][ j ], gri_world_to_cam_coeff[ i ][ j ], gri_near_plane, gri_far_plane, and gri_focal_length syntax elements, as specified in Table X.1.
The value of gri_data_precision_format_idc shall be in the range of 0 to 1, inclusive. The values 2 and 3 are reserved for future use by ITU‑T | ISO/IEC.
Table X.1 – Mapping of gri_data_precision_format_idc
	gri_data_precision_format_idc 
	GriParamLen

	0
	32

	1
	16

	2..3
	Reserved



When gri_data_precision_format_idc is not present and PrevGriSeiPresentFlag is equal to 0, the value of gri_data_precision_format_idc is inferred to be equal to 0.
When gri_data_precision_format_idc is not present and PrevGriSeiPresentFlag is equal to 1, the value of gri_data_precision_format_idc is inferred to be equal to the value of the corresponding syntax element in the previous GRI SEI message in output order.
gri_projection_coeff[ i ][ j ] indicates the (i, j)-th coefficient of a 4x4 projection matrix used by a game engine to render the source picture, in a floating point format of type DataFormatType, as specified in Table X.1. The length of the syntax element is GriParamLen bits, as determined by Table X.1.
When gri_projection_coeff[ i ][ j ] is not present and PrevGriSeiPresentFlag is equal to 0, the value of gri_projection_coeff[ i ][ j ] is inferred to be equal to (i = = j) ? 1 : 0.
When gri_projection_coeff[ i ][ j ] is not present and PrevGriSeiPresentFlag is equal to 1, the value of gri_projection_coeff[ i ][ j ] is inferred to be equal to the value of the corresponding syntax element in the previous GRI SEI message in output order.
The variable GriProjectionCoeff[ i ][ j ] is a 2-dimensional array of size 4x4 derived as follows:
	for( i = 0; i < 3; i++ )
		for( j = 0; j < 4; j++ )
			GriProjectionCoeff[ i ][ j ] = gri_projection_coeff[ i ][ j ]
	if( gri_perspective_projection_flag )
		GriProjectionCoeff[ 3 ] = { 0, 0, −1, 0 }
	else
		GriProjectionCoeff[ 3 ] = { 0, 0, 0, 1 }
gri_world_to_cam_coeff[ i ][ j ] indicates the (i, j)-th coefficient of a 4x3 array that represents the first three rows of a 4x4 world to camera matrix used by a game engine to render the source picture, in a floating point format of type DataFormatType, as specified in Table X.1. The length of the syntax element is GriParamLen bits, as determined by Table X.2.
When gri_world_to_cam_coeff[ i ][ j ] is not present and PrevGriSeiPresentFlag is equal to 0, the value of gri_world_to_cam_coeff[ i ][ j ] is inferred to be equal to ( i  = =  j ) ? 1 : 0.
When gri_world_to_cam_coeff[ i ][ j ] is not present and PrevGriSeiPresentFlag is equal to 1, the value of gri_world_to_cam_coeff[ i ][ j ] is inferred to be equal to the value of the corresponding syntax element in the previous GRI SEI message in output order.
The variable GriWorldToCamCoeff[ i ][ j ] is a 2-dimensional array of size 4x4 derived as follows:
	for (i = 0; i < 3; i++)
		for( j = 0; j < 4; j++ )
			GriWorldToCamCoeff[ i ][ j ] = gri_world_to_cam_coeff [ i ][ j ]
	GriWorldToCamCoeff[ 3 ] = { 0, 0, 0, 1 }
gri_near_plane specifies the closest distance to the camera used for rendering the source content, as used in the depth mapping process described in subclause X.X.X.1. The length of the syntax element is GriParamLen bits.
When gri_near_plane is not present, gri_depth_inverse_flag equal to 1, and PrevGriSeiPresentFlag equal to 0, the value of gri_near_plane is inferred to be equal to 1.
When gri_near_plane is not present, gri_depth_inverse_flag equal to 0, and PrevGriSeiPresentFlag is equal to 0, the value of gri_near_plane is inferred to be equal to 0.01.
When gri_near_plane is not present and PrevGriSeiPresentFlag is equal to 1, the value of gri_near_plane is inferred to be equal to the value of the corresponding syntax element in the previous GRI SEI message in output order.
It is a requirement of bitstream conformance that gri_near_plane shall not be equal to gri_far_plane.
gri_far_plane specifies the farthest distance to the camera used for rendering the source content, as used in the depth mapping process described in subclause X.X.X.1. The length of the syntax element is GriParamLen bits.
When gri_far_plane is not present, gri_depth_inverse_flag equal to 1, and PrevGriSeiPresentFlag is equal to 0, the value of gri_far_plane is inferred to be equal to 0.01.
When gri_far_plane is not present, gri_depth_inverse_flag equal to 0, and PrevGriSeiPresentFlag is equal to 0, the value of gri_far_plane is inferred to be equal to 1.
When gri_far_plane is not present and PrevGriSeiPresentFlag is equal to 1, the value of gri_far_plane is inferred to be equal to the value of the corresponding syntax element in the previous GRI SEI message in output order.
gri_depth_inverse_flag equal to 1 specifies that each decoded luma sample value of an associated auxiliary picture of type AUX_DEPTH represents an inverse of Z value in the range of gri_far_plane to gri_near_plane. gri_depth_inverse_flag equal to 0 specifies that each decoded luma sample value of an associated auxiliary picture of type AUX_DEPTH represents a Z value in the range of gri_near_plane to gri_far_plane.
When gri_depth_inverse_flag is not present and PrevGriSeiPresentFlag is equal to 0, the value of gri_depth_inverse_flag is inferred to be equal to 1.
When gri_depth_inverse_flag is not present and PrevGriSeiPresentFlag is equal to 1, the value of gri_depth_inverse_flag is inferred to be equal to the value of the corresponding syntax element in the previous GRI SEI message in output order.
It is a requirement of bitstream conformance that when gri_depth_inverse_flag is equal to 1, gri_near_plane shall be greater than gri_far_plane and when gri_depth_inverse_flag is equal to 0, gri_near_plane shall be less than gri_far_plane.
gri_focal_length specifies the focal length of the camera used for rendering the source content. The length of the syntax element is GriParamLen bits.
When gri_focal_length is not present and PrevGriSeiPresentFlag is equal to 0, the value of gri_focal_length is undefined.
When gri_focal_length is not present and PrevGriSeiPresentFlag is equal to 1, the value of gri_focal_length is inferred to be equal to the value of the corresponding syntax element in the previous GRI SEI message in output order.
8.42.2.1 Depth mapping process
This process is used to interpret the sample values of auxiliary pictures of type AUX_DEPTH associated with the GRI SEI message.
The value of depth Z associated with a luma sample value of an auxiliary picture of type AUX_DEPTH is represented in a normalized device coordinates with a range indicated by gri_normalization_range_flag and gri_depth_inverse_flag. The normalized device coordinate depth  is evaluated as:

In case when gri_normalization_range_flag is equal to 0:

when gri_normalization_range_flag is equal to 1:

In case when gri_depth_inverse_flag is equal to 0:

when gri_depth_inverse_flag is equal to 1:

8.42.2.2 Coordinate system conversion process
This process is used to convert the projection matrix and the world to camera matrix depending on the values of gri_y_axis_up_flag and gri_right_handed_flag.
If a further process utilizing the decoded bitstream is using a coordinate system that is different from a coordinate system indicated by gri_y_axis_up_flag and gri_right_handed_flag syntax elements in the VSEI message a coordinate system conversion process shall be invoked.
To convert projection matrix gri_projection_coeff[ i ][ j ] or world to camera matrix gri_world_to_cam_coeff[ i ][ j ]  from vertical Y axis (gri_y_axis_up_flag is equal to 1) to projection matrix gri_projection_coeff[ i ][ j ] or world to camera  matrix gri_world_to_cam_coeff[ i ][ j ]   to verical Z axis the following process is applied.

To convert projection matrix gri_projection_coeff[ i ][ j ] or world to camera matrix gri_world_to_cam_coeff[ i ][ j ]  from vertical Z axis (gri_y_axis_up_flag is equal to 0) to projection matrix gri_projection_coeff[ i ][ j ] or world to camera  matrix gri_world_to_cam_coeff[ i ][ j ]   to verical Y axis the following process is applied.

If further processing of the decoded picture is to be performed with a graphics engine with a left handed coordinate system and gri_right_handed_flag is equal to 1, or the graphics engine with a right handed coordinate system and gri_right_handed_flag is equal to 0, 
To convert projection matrix gri_projection_coeff[ i ][ j ]  or world to camera matrix gri_world_to_cam_coeff[ i ][ j ]  from the right hand coordinate system (gri_right_handed_flag is equal to 1) to projection matrix gri_projection_coeff[ i ][ j ] or world to camera matrix gri_world_to_cam_coeff[ i ][ j ]  to the left hand coordinate system the following process is applied.

To convert projection matrix gri_projection_coeff[ i ][ j ]  or world to camera matrix gri_world_to_cam_coeff[ i ][ j ]  from the left hand coordinate system (gri_right_handed_flag is equal to 0) to projection matrix gri_projection_coeff[ i ][ j ] or world to camera matrix gri_world_to_cam_coeff[ i ][ j ]  to the right hand coordinate system the following process is applied. 

[bookmark: _Hlk183007210]
Add clause 8.48: Enhanced colour format information SEI message
8.48 Enhanced colour format information SEI message
8.48.1 Enhanced colour format information SEI message syntax

	enhanced_colour_format_info( payloadSize ) {
	Descriptor

		ecfi_num_layers_minus1
	u(6)

		ecfi_colour_description_present_flag
	u(1)

		if( ecfi_colour_description_present_flag ) {
	

			ecfi_vui_layer_id_present_flag
	u(1)

			if( ecfi_vui_layer_id_present_flag )
	

				ecfi_vui_layer_id
	ue(v)

			else {
	

				ecfi_colour_primaries
	u(8)

				ecfi_transfer_characteristics
	u(8)

				ecfi_matrix_coeffs
	u(8)

				ecfi_full_range_flag
	u(1)

			}
	

		}
	

		for( i = 0; i < ecfi_num_layers_minus1 + 1; i++ ) {
	

			ecfi_layer_id[ i ]
	ue(v)

			ecfi_is_packed_flag[ i ]
	u(1)

			if( ecfi_is_packed_flag[ i ] ) {
	

				ecfi_num_cols_minus1[ i ]
	u(3)

				ecfi_num_rows_minus1[ i ]
	u(3)

				ecfi_hor_guard_band_mul2[ i ]
	u(8)

				ecfi_ver_guard_band_mul2[ i ]
	u(8)

				for( j = 0; j < ecfi_num_rows_minus1[ i ] + 1; j++ )
	

					for( k = 0; k < ecfi_num_cols_minus1[ i ] + 1; k++ )
	

						ecfi_packed_channel_id[ i ][ j ][ k ]
	u(8)

			}
	

			else
	

				ecfi_channel_id[ i ]
	u(8)

		}
	

	}
	



8.48.2 Enhanced colour format information SEI message semantics
The enhanced colour format information SEI message enables the carriage of higher color/chroma format pictures using lower chroma format capability layered coding. In particular, this SEI message allows combining sample data from pictures in different layers within the same access unit to generate a new picture representation, named as the layer-derived colour format picture representation, with potentially a different chroma format and colour properties from those of the source layer pictures.
When an ECFI SEI message is present for any picture of a CLVS of a particular layer, an ECFI SEI message shall be present for the first picture of the CLVS. The ECFI SEI message persists for the current layer in decoding order from the current picture until the end of the CLVS. All ECFI SEI messages that apply to the same CLVS shall have the same content.
When an ECFI SEI message is present for a picture of a CLVS of a particular layer, but there is no SEI message of the same type present for the first picture of the CLVS, a decoder should process the ECFI SEI message as if an SEI message of the same type were present for the first picture of the CLVS with the same content as the present ECFI SEI message.
ecfi_num_layers_minus1 plus 1 specifies the number of layers in the video bitstream that will be used to generate the layer-derived colour format picture representation.
ecfi_colour_description_present_flag equal to 1 indicates that colour description information is present in the current SEI message that will be associated with the resulting layer-derived colour format picture representation. In this case, this information is either derived from the VUI of an associated layer or is explicitly indicated within the current SEI message. If ecfi_colour_description_present_flag is equal to 0 this indicates that the colour representation information associated with the layer-derived colour format picture representation is unspecified/unknown, determined by the application, or specified through external means.
ecfi_vui_layer_id_present_flag equal to 1 indicates that the ecfi_vui_layer_id syntax element is present. ecfi_vui_layer_id_present_flag equal to 0 indicates that the ecfi_vui_layer_id syntax element is not present and the syntax elements ecfi_colour_primaries, ecfi_transfer_characteristics, ecfi_matrix_coefficients, and ecfi_full_range_flag are explicitly specified and indicate the colour representation information associated with the layer-derived colour format picture representation.
ecfi_vui_layer_id points to the layer_id of the layer sub-bitstream in the current bitstream that is to be used to determine the VUI information, if present, that is to be associated with this SEI message.
The value of ecfi_vui_layer_id shall be in the range of 0 to 2 047, inclusive.
NOTE 1 – The value range of ecfi_vui_layer_id can be further restricted in the interface texts in specific video coding standard specifications.
If VUI information is present in the layer with layer_id equal to ecfi_vui_layer_id and if the VUI syntax element colour_description_present_flag is set to 1, the derived video signal after the combination of all layers, as specified by this SEI message, is assumed to be associated with the values of the VUI syntax elements video_full_range_flag, colour_primaries, transfer_characteristics, matrix_coeffs, and chroma location information (chroma_sample_loc_type_top_field and chroma_sample_loc_type_bottom_field) in the VUI of layer with layer_id equal to ecfi_vui_layer_id. 
If no VUI information is present or if the VUI syntax element colour_description_present_flag is set to 0 in the layer with layer_id equal to ecfi_vui_layer_id, the derived video signal after the combination of all layers as specified by this SEI message is assumed to be associated with unspecified values of video_full_range_flag, colour_primaries, transfer_characteristics, matrix_coeffs, and chroma location information (chroma_sample_loc_type_top_field and chroma_sample_loc_type_bottom_field). In this case the image characteristics of the derived video signal after the combination of all layers, as specified by this SEI message, is unknown, determined by the application, or specified through external means.
ecfi_colour_primaries has the same semantics as specified in clause 7.3 for the vui_colour_primaries syntax element. 
ecfi_transfer_characteristics has the same semantics as specified in clause 7.3 for the vui_transfer_characteristics syntax element. 
ecfi_matrix_coeffs has the same semantics as specified in clause 7.3 for the vui_matrix_coeffs syntax element.
ecfi_full_range_flag has the same semantics as specified in clause 7.3 for the vui_full_range_flag syntax element.
ecfi_layer_id[ i ] specifies the layer_id associated with the i-th layer that is indicated within this SEI message for the purpose of generating the layer-derived colour format picture representation.
The value of ecfi_layer_id[ i ] shall be in the range of 0 to 2 047, inclusive.
NOTE 2 – The value range of ecfi_layer_id[ i ] can be further restricted in the interface texts in specific video coding standard specifications.
When this SEI message is present in any layer in the current AU, it is a requirement of bitstream conformance that a ECFI SEI message with the same payload content is present in the layer with layer identifier equal to the lowest value of ecfi_layer_id[ i ] for i in the range from 0 to ecfi_num_layers_minus1, inclusive.
ecfi_is_packed_flag[ i ] indicates a flag that determines if the i-th layer contains multiple colour components packed into a single picture. When ecfi_is_packed_flag[ i ] is set to 1, the i-th layer contains multiple colour components packed into this layer’s first channel, i.e. the luma channel. When ecfi_is_packed_flag[ i ] is set to 0 then the i-th layer does not contain packed colour components. When colour components are packed in the same layer, all such components have the same horizontal and vertical resolution.
ecfi_num_cols_minus1[ i ] plus 1 specifies the number of horizontal component partitions that are present in layer i.
ecfi_num_rows_minus1[ i ] plus 1 specifies the number of vertical component partitions that are present in layer i.
ecfi_hor_guard_band_mul2[ i ] specifies if a horizontal guard band region is present between two picture channels in layer i and, if present, its size in terms of luma samples. If ecfi_hor_guard_band_mul2[ i ] is equal to 0, then no horizontal guard band is present. If ecfi_hor_guard_band_mul2[ i ] is larger than 0, then the horizontal guard band between two picture channels in layer i is equal to (ecfi_hor_guard_band_mul2[ i ] * 2) in luma samples. 
ecfi_ver_guard_band_mul2[ i ] specifies if a vertical guard band region is present between two picture channels in layer i and, if present, its size in terms of luma samples. If ecfi_ver_guard_band_mul2[ i ] is equal to 0, then no vertical guard band is present. If ecfi_ver_guard_band_mul2[ i ] is larger than 0, then the vertical guard band between two picture channels in layer i is equal to (ecfi_ver_guard_band_mul2[ i ] * 2) in luma samples. 
ecfi_packed_channel_id[ i ][ j ][ k ], if present, provides the identifier for a channel associated with the j-th vertical and k-th horizontal partition in layer i, as specified in Table X.2. A value of ecfi_packed_channel_id[ i ][ j ][ k ] equal to 0 (unused) indicates that the j-th vertical, k-th horizontal partition in layer i is not used for the creation of the derived video signal and that this channel shall be ignored.
ecfi_channel_id[ i ], if present, provides the identifier for a channel associated with layer i as specified in Table X.2. It is a requirement of bitstream conformance that ecfi_channel_id[ i ], when present, shall not be equal to 0. 
The regions indicated by all instances of ecfi_channel_id[ i ] and ecfi_packed_channel_id[ i ][ j ][ k ] not equal to 0 present in the current SEI message, are used to generate a derived video signal based on the values of the indicated of ecfi_channel_id[ i ] and ecfi_packed_channel_id[ i ][ j ][ k ] and any associated VUI information. 
If ecfi_ is_packed_flag[ i ] for the i-th layer is equal to 0 all luma samples of the i-th layer, after any cropping information is applied on that layer, are used for the generation of the derived video signal.
If ecfi_is_packed_flag[ i ] for the i-th layer is equal to 1, then the i-th layer is first partitioned into ( ecfi_num_cols_minus1[ i ] + 1 ) * ( ecfi_num_rows_minus1[ i ] + 1 ) regions as follows:
	The width and height of each region is computed as follows: 
		RegionWidthInLumaSamples = PicWidthInLumaSamples	 / ecfi_num_cols_minus1[ i ]
		RegionHeightInLumaSamples = PicHeightInLumaSamples / ecfi_num_rows_minus1[ i ]		
For each layer i, a region R[j][k] for any value of j in the range of 0 to ecfi_num_rows_minus1[ i ], inclusive, and k in the range of 0 to ecfi_num_cols_minus1[ i ], inclusive, is associated with the luma area of layer i starting from the horizontal and vertical coordinates OrigX[j][k] and OrigY[j][k] that are computed as follows:
		OrigX[j][k] = (k * RegionWidthInLumaSamples) + (ecfi_hor_guard_band_mul2[ i ] * 2)  
		OrigY[j][k] = ( j * RegionHeightInLumaSamples ) + (ecfi_ver_guard_band_mul2[ i ] * 2)  
	and end at horizontal and vertical coordinates EndX[j][k] and EndY[j][k] that are computed as follows:
		EndX[j][k] = ((k + 1)* RegionWidthInLumaSamples)  (ecfi_hor_guard_band_mul2[ i ] * 2 + 1) 
		EndX[j][k] = ((j + 1) * RegionHeightInLumaSamples )  (ecfi_ver_guard_band_mul2[ i ] * 2 + 1).
Only the luma samples associated with any indicated regions, as specified above, are considered for the generation of a derived video signal and all other luma and chroma samples are ignored.
It is a requirement of bitstream conformance that if a value of ecfi_packed_channel_id[ i ][ j ][ k ] or ecfi_channel_id[ i ] for any value of i, j, or k present in the current SEI message is equal to 1, then the values of ecfi_packed_channel_id[ i0 ][ j0 ][ k0 ] and ecfi_channel_id[ i0 ] for all other values of i0, j0, and k0 present in the current SEI message shall be set to 0 or 1 . 
Otherwise, it is a requirement of bitstream conformance that a single value of ecfi_packed_channel_id[ i ][ j ][ k ] or ecfi_channel_id[ i ] for any value of i, j, or k present in the current SEI message is associated with one of the values 2, 3, 4, 5, and 6 and that all such values shall be present once and only once in the current SEI message.
Table X.2: Mapping of ecfi_channel_id[i] or ecfi_packed_channel_id[i][j][k]
	ecfi_channel_id[ i ] or 
ecfi_packed_channel_id[ i ][ j ][ k ]
	Mapping based on VUI

	0
	Unused

	1
	Unspecified

	2
	Y
	R

	3
	Cb
	G

	4
	Cr
	B

	5
	Alpha

	6
	Depth

	7-255
	Reserved for future use.



Add clause 8.49: Photosensitive Content information SEI message
8.49 Photosensitive Content information SEI message
[bookmark: _Hlk183007246][bookmark: _Hlk169531728]8.49.1 Photosenstive content information SEI message syntax

	photosensitive_content_information( payloadSize ) {
	Descriptor

		pci_cancel_flag
	u(1)

		if( !pci_cancel_flag ) {
	

			pci_persistence_flag
	u(1)

	[bookmark: _Hlk182314742]		pci_content_std1_idc
	u(2)

			pci_content_std2_idc
	u(2)

			pci_content_std3_idc
	u(2)

			pci_application_defined_class_idc
	u(2)

			pci_reserved_zero_2bits
	u(2)

			pci_num_descr_strings
	u(4)

			for( i = 0; i < pci_num_descr_strings; i++ ) {
	

	[bookmark: _Hlk179824759][bookmark: _Hlk179824773]			pci_descr_string_lang[ i ]
	st(v)

				pci_descr_string[ i ]
	st(v)

			}
	

			if( pci_content_std1_idc  = =  1 ) {
	

				pci_std1_details_flag
	u(1)

				if( pci_std1_details_flag ) {
	

	[bookmark: _Hlk185447070]				pci_content_std1_guideline1_idc
	u(2)

					pci_content_std1_guideline2_idc
	u(2)

				}
	

			}
	

			if( pci_content_std2_idc  = =  1 ) {
	

				pci_std2_details_flag
	u(1)

				if( pci_std2_details_flag ) {
	

					pci_content_std2_clause52_idc
	u(2)

					pci_content_std2_clause53_idc
	u(2)

				}
	

			}
	

			if( pci_content_std3_idc  = =  1 ) {
	

				pci_std3_details_flag
	u(1)

				if( pci_std3_details_flag ) {
	

					pci_content_std3_clause231_idc
	u(2)

					pci_content_std3_clause232_idc
	u(2)

				}
	

			}
	

		}
	

	}
	


8.49.2 Photosenstive content information SEI message semantics
The photosensitive content information SEI message provides information regarding photosensitive content such as strobe light(s) or flashing light(s) that may be present in associated pictures. 
pci_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of any previous photosensitive content information SEI message in output order. pci_cancel_flag equal to 0 indicates that photosensitive content information follows.
pci_persistence_flag specifies the persistence of the photosensitive content information SEI message for the current layer.
pci_persistence_flag equal to 0 specifies that the photosensitive content information SEI message applies to the current decoded picture only.
pci_persistence_flag equal to 1 specifies that the photosensitive content information SEI message applies to the current decoded picture and persists for all subsequent pictures of the current layer in output order until one or more of the following conditions are true:
– A new CLVS of the current layer begins.
– The bitstream ends.
– A picture in the current layer in an AU associated with a photosensitive content information SEI message is output that follows the current picture in output order.
[bookmark: _Hlk169190379][bookmark: _Hlk182314885][bookmark: _Hlk179201589]pci_content_std1_idc equal to 0 specifies that the picture(s) in the persistence scope of this SEI contain content which does not exceed the photosensitivity content guidelines specified by ITU-R BT 1702-3. pci_content_std1_idc equal to 1 specifies that the picture(s) in the persistence scope of this SEI contain photosensitive content which exceeds the photosensitivity content guidelines specified by ITU-R BT 1702-3. pci_content_std1_idc equal to 2 specifies that it is unknown if the picture(s) in the persistence scope of this SEI contain photosensitive content that exceeds the photosensitivity content guidelines specified by ITU-R BT 1702-3. Value 3 is reserved.
pci_content_std2_idc equal to 0 specifies that the picture(s) in the persistence scope of this SEI contain content which does not exceed the photosensitivity content guidelines specified by ISO 9241-391. pci_content_std2_idc equal to 1 specifies that the picture(s) in the persistence scope of this SEI contain photosensitive content which exceeds the photosensitivity content guidelines specified by ISO 9241-391. pci_content_std2_idc equal to 2 specifies that it is unknown if the picture(s) in the persistence scope of this SEI contain photosensitive content that exceeds the photosensitivity content guidelines specified by ISO 9241-391. Value 3 is reserved.
[bookmark: _Hlk182324932]pci_content_std3_idc equal to 0 specifies that the picture(s) in the persistence scope of this SEI contain content which does not exceed the photosensitivity content guidelines specified by ISO/ IEC 40500:2012. pci_content_std3_idc equal to 1 specifies that the picture(s) in the persistence scope of this SEI contain photosensitive content which exceeds the photosensitivity content guidelines specified by ISO/ IEC 40500:2012. pci_content_std3_idc equal to 2 specifies that it is unknown if the picture(s) in the persistence scope of this SEI contain photosensitive content that exceeds the photosensitivity content guidelines specified by ISO/ IEC 40500:2012. Value 3 is reserved.
[bookmark: _Hlk183090193]pci_application_defined_class_idc equal to 0 specifies that the picture(s) in the persistence scope of this SEI contain content which are not classified by the application as photosensitive content. pci_application_defined_class_idc equal to 1 specifies that the picture(s) in the persistence scope of this SEI contain content which are classified by the application as photosensitive content. pci_application_defined_class_idc equal to 2 specifies that the application does not know, or has not determined, whether the picture(s) in the persistence scope of this SEI contain photosensitive content. Value 3 is reserved.
NOTE  – This classification reflects the application’s interpretation or policy-based handling of photosensitivity-related risk and does not assert normative compliance or non-compliance with any standardized photosensitivity guideline
pci_reserved_zero_2bits shall be equal to 0. Values greater than 0 for pci_reserved_zero_2bits are reserved for future use by ITU-T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders conforming to this version of this Specification shall allow any value of pci_reserved_zero_2bits in the range of 0 to 15, inclusive.
[bookmark: _Hlk185700739]pci_num_descr_strings indicates the number of entries for pci_descr_string_lang[ i ] and pci_descr_string[ i ] that follow.
pci_descr_string_lang[ i ] specifies the language of the pci_descr_string[ i ]. The language of the pci_descr_string[ i ]  shall be given by a language tag as defined by IETF RFC 5646.
[bookmark: _Hlk179201712][bookmark: _Hlk179986933]pci_descr_string[ i ] specifies text information about characteristics and description of photosensitive content in the associated decoded picture(s).
pci_std1_details_flag equal to 1 indicates that the syntax elements pci_content_std1_guideline1_idc, and pci_content_std1_guideline2_idc which provide more detailed information related to ITU-R BT 1702-3 standard are present. pci_std1_details_flag equal to 0 indicates that the syntax elements pci_content_std1_guideline1_idc, and pci_content_std1_guideline2_idc which provide more detailed information related to ITU-R BT 1702-3 standard are not present.
[bookmark: _Hlk185447113][bookmark: _Hlk185444631][bookmark: _Hlk185444669]pci_content_std1_guideline1_idc equal to 1 specifies that the picture(s) in the persistence scope of this SEI contain photosensitive content which exceeds the photosensitivity content guideline 1 (potentially harmful flashing images) specified by ITU-R BT 1702-3. pci_content_std1_guideline1_idc equal to 0 specifies that the picture(s) in the persistence scope of this SEI contain content which does not exceed the photosensitivity content guideline 1 (potentially harmful flashing images) specified by ITU-R BT 1702-3. pci_content_std1_guideline1_idc equal to 2 specifies that it is unknown if the picture(s) in the persistence scope of this SEI contain photosensitive content which exceeds the photosensitivity content guideline 1 (potentially harmful flashing images) specified by ITU-R BT 1702-3. Value 3 is reserved.
pci_content_std1_guideline2_idc equal to 1 specifies that the picture(s) in the persistence scope of this SEI contain photosensitive content which exceeds the photosensitivity content guideline 2 (potentially harmful patterns) specified by ITU-R BT 1702-3. pci_content_std1_guideline2_idc equal to 0 specifies that the picture(s) in the persistence scope of this SEI contain content which does not exceed the photosensitivity content guideline 2 (potentially harmful patterns) specified by ITU-R BT 1702-3. pci_content_std1_guideline2_idc equal to 2 specifies that it is unknown if the picture(s) in the persistence scope of this SEI contain photosensitive content which exceeds the photosensitivity content guideline 2 (potentially harmful patterns) specified by ITU-R BT 1702-3. Value 3 is reserved.
When both pci_content_std1_guideline1_idc and pci_content_std1_guideline2_idc are present, pci_content_std1_guideline1_idc and pci_content_std1_guideline2_idc shall not be both equal to 0.
pci_std2_details_flag equal to 1 indicates that the syntax elements pci_content_std2_clause52_idc, and pci_content_std2_clause53_idc which provide more detailed information related to ISO 9241-391 standard are present. pci_std2_details_flag equal to 0 the syntax elements pci_content_std2_clause52_idc, and pci_content_std2_clause53_idc which provide more detailed information related to ISO 9241-391 standard are not present.
pci_content_std2_clause52_idc equal to 1 specifies that the picture(s) in the persistence scope of this SEI contain photosensitive content which satisfies or exceeds the condition(s) specified in clause 5.2 (flashes) specified by ISO 9241-391. pci_content_std2_clause521_idc equal to 0 specifies that the picture(s) in the persistence scope of this SEI contain content which does not satisfy or exceed the condition(s) specified in clause 5.2 (flashes) specified by ISO 9241-391. pci_content_std2_clause52_idc equal to 2 specifies that it is unknown if the picture(s) in the persistence scope of this SEI contain photosensitive content which satisfies or exceeds the photosensitivity content condition(s) specified in clause 5.2 (flashes) of ISO 9241-391. Value 3 is reserved.
pci_content_std2_clause53_idc equal to 1 specifies that the picture(s) in the persistence scope of this SEI contain photosensitive content which satisfies or exceeds the condition(s) specified in clause 5.3 (patterns) specified by ISO 9241-391. pci_content_std2_clause53_idc equal to 0 specifies that the picture(s) in the persistence scope of this SEI contain content which does not satisfy or exceed the condition(s) specified in clause 5.3 (patterns) specified by ISO 9241-391. pci_content_std2_clause53_idc equal to 2 specifies that it is unknown if the picture(s) in the persistence scope of this SEI contain photosensitive content which satisfies or exceeds the photosensitivity content condition(s) specified in clause 5.3 (patterns) of ISO 9241-391. Value 3 is reserved.
When both pci_content_std2_clause52_idc and pci_content_std2_clause53_idc are present, pci_content_std2_clause52_idc and pci_content_std2_clause53_idc shall not be both equal to 0.
pci_std3_details_flag equal to 1 indicates that the syntax elements pci_content_std3_clause231_idc, and pci_content_std3_clause232_idc which provide more detailed information related to ISO/ IEC 40500:2012 standard are present. pci_std3_details_flag equal to 0 the syntax elements pci_content_std3_clause231_idc, and pci_content_std3_clause232_idc which provide more detailed information related to ISO/ IEC 40500:2012 standard are not present.
pci_content_std3_clause231_idc equal to 1 specifies that the picture(s) in the persistence scope of this SEI contain photosensitive content which violates the seizures content clause 2.3.1 (Three flashes or below threshold – Level A) specified by ISO/ IEC 40500:2012. pci_content_std3_clause231_idc equal to 0 specifies that the picture(s) in the persistence scope of this SEI contain content which does not violate the seizures content clause 2.3.1 (Three flashes or below threshold – Level A) specified by ISO/ IEC 40500:2012. pci_content_std3_clause231_idc equal to 2 specifies that it is unknown if the picture(s) in the persistence scope of this SEI contain photosensitive content which violates the seizures content clause 2.3.1 (Three flashes or below threshold – Level A) specified by ISO/ IEC 40500:2012. Value 3 is reserved.
pci_content_std3_clause232_idc equal to 1 specifies that the picture(s) in the persistence scope of this SEI contain photosensitive content which violates the seizures content clause 2.3.2 (Three flashes– Level AAA) specified by ISO/ IEC 40500:2012. pci_content_std3_clause232_idc equal to 0 specifies that the picture(s) in the persistence scope of this SEI contain content which does not violate the seizures content clause 2.3.2 (Three flashes– Level AAA) specified by ISO/ IEC 40500:2012. pci_content_std3_clause232_idc equal to 2 specifies that it is unknown if the picture(s) in the persistence scope of this SEI contain photosensitive content which violates the seizures content clause 2.3.2 (Three flashes– Level AAA) specified by ISO/ IEC 40500:2012. Value 3 is reserved.
When both pci_content_std3_clause231_idc and pci_content_std3_clause232_idc are present, pci_content_std3_clause231_idc and pci_content_std3_clause232_idc shall not be both equal to 0.

Add clause 8.50: Display rectangles SEI message
8.50 Display rectangles SEI message
8.50.1 Display rectangles SEI message syntax

	display_rectangles( payloadSize ) {
	Descriptor

		dr_cancel_flag
	u(1)

		if( !dr_cancel_flag ) {
	

			dr_pos_updates_flag
	u(1)

			dr_log2_unit_size
	u(8)

			dr_rect_size_len_minus1
	u(4)

			dr_num_rect_minus1
	u(4)

			if ( !dr_pos_updates_flag ) {
	

				dr_assigned_rect_id_present_flag
	u(1)

				if( dr_assigned_rect_id_present_flag )
	

					for( i = 0; i  <=  dr_num_rect_minus1; i++ )
	

						dr_assigned_rect_id[ i ]
	ue(v)

				for( i = 0; i  <=  dr_num_rect_minus1; i++ )
	

					dr_display_aspect_ratio[ i ]
	u(4)

				for( i = 0; i  <=  dr_num_rect_minus1; i++ ) {
	

					dr_rect_width[ i ]
	u(v)

					if ( dr_display_aspect_ratio[ i ]   = =   0 )
	

						dr_rect_height[ i ]
	u(v)

					if ( dr_display_aspect_ratio[ i ]   !=   1 ) {
	

						dr_fill_method_present_flag[ i ]
	u(1)

						if (dr_fill_method_present_flag[ i ] ) {
	

							dr_fill_method_idc[ i ]
	u(3)

							if ( dr_fill_method_idc[ i ]  = =  1 | | dr_fill_method_idc[ i ]  = =  4 )
	

								dr_three_colour_comp_flag[ i ]
	u(1)

							if ( dr_fill_method_idc[ i ]  = =  2 | | dr_fill_method_idc[ i ]  = =  3 )
	

								dr_fill_content_region_width[ i ]
	u(v)

							if ( dr_fill_method_idc[ i ] = = 1 ) {
	

								dr_fill_bit_depth_minus8[ i ]
	ue(v)

								for( j = 0 ; j < dr_three_colour_comp_flag[ i ] ? 3 : 1; j++ ) 
	

									dr_fill_value[ i ][ j ]
	u(v)

							} else if ( dr_fill_method_idc[ i ]   = =   3 ) {
	

	[bookmark: _Hlk183093164]							dr_fill_blur_sigma[ i ]
	u(8)

								dr_fill_blur_kernel_param_minus1 [ i ]
	u(8)

							} else if ( dr_fill_method_idc[ i ]   = =   4 ) {
	

								dr_fill_gradient_idc[ i ]
	u(3)

								dr_fill_gradient_value_present_flag[ i ]
	u(1)

	[bookmark: _Hlk213083817]							if ( dr_fill_gradient_value_present_flag[ i ] )
	

									for( j = 0 ; j < dr_three_colour_comp_flag[ i ] ? 3 : 1; j++ ) {
	

										dr_fill_start_value[ i ][ j ]
	u(v)

										dr_fill_end_value[ i ][ j ]
	u(v)

									}
	

								else
	

									dr_fill_gradient_log2_border_size_minus1[ i ]
	ue(v)

							}
	

						}
	

					}
	

				}
	

			}
	

			for( i = 0; i  <=  dr_num_rect_minus1; i++ ) {
	

				if ( dr_pos_updates_flag ) {
	

					dr_rect_id[ i ]
	ue(v)

					dr_rect_pos_update_flag[ i ]
	u(1)

				}
	

				if ( dr_rect_pos_updates_flag[ i ] ) {
	

					dr_center_flag[ i ]
	u(1)

					if ( !dr_center_flag[ i ] ) {
	

						dr_rect_top_left_x[ i ]
	u(v)

						if( dr_rect_top_left_x[ i ] > 0 )
	

							dr_rect_top_left_x_sign[ i ]
	u(1)

						dr_rect_top_left_y[ i ]
	u(v)

						if( dr_rect_top_left_y[ i ] > 0 )
	

							dr_rect_top_left_y_sign[ i ]
	u(1)

					}
	

					if ( dr_fill_method_idc[ i ]   = =   2 || dr_fill_method_idc[ i ]   = =   3 ) {
	

						dr_fill_content_region_top_left_x[ i ]
	u(v)

						dr_fill_content_region_top_left_y[ i ]
	u(v)

					}
	

				}
	

			}
	

		}
	

	}
	



8.50.1 Display rectangles SEI message semantics
The display rectangles SEI message describes one or more display rectangles which may be selected to be used to form a recommended display picture from the cropped decoded picture.
Use of this SEI message requires the definition of the following variables:
–	Cropped decoded output picture width and height in units of luma samples, denoted herein by CroppedWidth and CroppedHeight, respectively.
–	A chroma format indicator, denoted herein by ChromaFormatIdc, as described in subclause ‎7.3.
–	A cropped decoded picture array DecodedPicture[ cIdx ][ x ][ y ], with cIdx = 0..(ChromaFormatIdc = = 0 ) ? 0 : 2, x = 0..( cIdx = = 0 ) ? CroppedWidth : CroppedWidth / SubWidthC − 1, y = 0..( cIdx = = 0 ) ? CroppedHeight : CroppedHeight / SubHeightC − 1.
–	A bit depth for the samples of the luma component, denoted herein by BitDepthY, and when ChromaFormatIdc is not equal to 0, a bit depth for the samples of the two associated chroma components, denoted herein by BitDepthC.
The variables SubWidthC and SubHeightC are derived from ChromaFormatIdc as specified by Table 2.
dr_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of any previous DR SEI message. dr_cancel_flag equal to 0 indicates that display rectangles information follows.
The DR SEI message applies to the current picture and persists for all subsequent pictures in output order until the one or more of the following conditions are true:
–	A new CLVS begins.
–	The bitstream ends.
–	A picture in the current layer with a DR SEI message is output that follows the current picture in output order.
dr_pos_updates_flag equal to 0 indicates that the SEI message provides descriptions of one or more display rectangles used to form display pictures from the cropped decoded picture. dr_pos_updates_flag equal to 1 indicates that the SEI message contains an update of one or more display rectangles. The value of dr_pos_updates_flag in the first display rectangles SEI present in the CLVS shall be equal to 0. 
dr_log2_unit_size specifies the granularity of the display rectangle size and positions.
The variable DrUnitSize is derived as follows:
	DrUnitSize = 1 << dr_log2_unit_size
When dr_pos_updates_flag is equal to 0, the variable DrUnitSizeInit is set equal to DrUnitSize. 
dr_rect_size_len_minus1 + 1 specifies the length of dr_rect_top_left_x[ i ], dr_rect_top_left_y[ i ], dr_rect_width[ i ],  dr_rect_height[ i ], dr_fill_content_region_top_left_x[ i ], dr_fill_content_region_top_left_y[ i ], and dr_fill_content_region_width[ i ] syntax elements.
dr_num_rect_minus1 +1 specifies the number of display rectangles described in the SEI message.
When dr_pos_updates_flag is equal to 1, it is a requirement of bitstream conformance that the value of dr_num_rect_minus1 shall be less than or equal to the value of the corresponding syntax element in the DR SEI message with dr_pos_updates_flag equal to 0 preceding current DR SEI message in output order.
dr_assigned_rect_id_present_flag equal to 1 specifies that dr_assigned_rect_id[ i ] is present in the SEI message. dr_assigned_rect_id_present_flag equal to 0 specifies dr_assigned_rect_id[ i ] is not present in the SEI message.
dr_assigned_rect_id[ i ] specifies the identifier for the i-th display rectangle. When not present, the value of dr_assigned_rect_id[ i ] is inferred to be equal to i. The value of dr_assigned_rect_id[ i ] shall be in the range of 0 to 15, inclusive.
It is a requirement of bitstream conformance that when j not equal to k, dr_assigned_rect_id[ j ] shall not be equal to dr_assigned_rect_id [ k ] and dr_rect_id[ j ] shall not be equal to dr_rect_id[ k ].
dr_display_aspect_ratio[ i ] indicates the display aspect ratio of the i-th display rectangle, as specified in Table X.
Table X – Mapping of dr_display_aspect_ratio[ i ] to DrDarWidth[ i ] and DrDarHeight[ i ]
	dr_display_aspect_ratio[ i ]
	[bookmark: _Hlk223531316]DrDarWidth[ i ]
	DrDarHeight[ i ]

	0
	Undefined
	Undefined

	1
	CroppedWidth
	CroppedHeight

	2
	16
	9

	3
	5
	4

	4
	4
	3

	5
	2
	1

	6
	1
	1

	7
	 9
	16

	8
	4
	5

	9
	3
	4

	10
	1
	2

	11 .. 15
	Reserved
	Reserved


dr_rect_width[ i ] specifies the width of the i-th rectangle in units of DrUnitSizeInit luma samples. When not present, the value of dr_rect_width[ i ] is inferred to be equal to the value of the corresponding syntax element in the previous DR SEI message in output order.
The variable DrRectWidth[ i ] is derived as follows:
	DrRectWidth[ i ] = DrUnitSizeInit * dr_rect_width[ i ] 
dr_rect_height[ i ], when present, specifies the height of the i-th rectangle in units of DrUnitSizeInit luma samples. When not present and dr_display_aspect_ratio[ i ] is equal to 0, the value of dr_rect_height[ i ] is inferred to be equal to the value of the corresponding syntax element in the previous DR SEI message in output order.
The variable DrRectHeight[ i ] is derived as follows:
if ( dr_display_aspect_ratio[ i ]   = =   0 )
	DrRectHeight[ i ] = DrUnitSizeInit * dr_rect_height[ i ]
else
	DrRectHeight[ i ] = ( DrRectWidth[ i ] * DrDarHeight[ i ] ) / DrDarWidth[ i ]
It is a requirement of bitstream conformance that DrRectWidth[ i ] % SubWidthC shall be equal to 0.and DrRectHeight[ i ] % SubHeightC shall be equal to 0.
dr_fill_method_present_flag[ i ] equal to 1 specifies that the dr_fill_method_idc[ i ] syntax element is present. prs_fill_method_present_flag[ i ] equal to 0 specifies that the dr_fill_method_idc[ i ] syntax element is not present.
[bookmark: _Hlk183092800]dr_fill_method_idc[ i ], when present, indicates the filling method applied to the i-th rectangle as specified in Table Y. When not present, the value of dr_fill_method_idc[ i ] is inferred to be equal to 1. The value of dr_fill_method_idc[ i ] shall be in the range of 0 to 4, inclusive. in bitstreams conforming to this version of this Specification. The values of 5 to 7, inclusive, for dr_fill_method_idc[ i ] are reserved for future use by ITU-T | ISO/IEC. Although the value of dr_fill_method_idc[ i ] is required to be in the range of 0 to 4, inclusive, in this version of this Specification, decoders shall allow values of dr_fill_method_idc[ i ] in the range of 5 to 7, inclusive, to appear in the syntax, in which case the filling method is undefined.
Table Y – Mapping of dr_fill_method_idc[ i ]
	dr_fill_method_idc[ i ]
	Method

	0
	Unspecified

	1
	Constant value

	2
	Spatial extrapolation

	3
	Replication with scaling and blurring

	4
	gradient

	5 .. 7
	Reserved



dr_three_colour_comp_flag[ i ] equal to 1 specifies that dr_target_init_sample[ i ] syntax element will be signaled for three color components of the i-th rectangle. dr_three_colour_comp_flag equal to 0 specifies that the dr_fill_value[ i ] syntax element will be signaled for one color component. When not present, dr_three_colour_comp_flag[ i ] is inferred to be equal to (ChromaFormatIdc ? 1 : 0).
dr_fill_bit_depth_minus8[ i ] plus 8 specifies the bit depth of the fill values for the i-th display rectangle. dr_fill_bit_depth_minu8[ i ] shall be in the range of 0 to 8, inclusive. When not present, dr_fill_bit_depth_minus8[ i ] is inferred to be equal to BitDepthY – 8.
The variable initBitDepth[ i ] is set equal to dr_fill_bit_depth_minus8[ i ] + 8.
dr_fill_value[ i ][ j ] indicates the fill value for the j-th colour component of the i-th rectangle. The length of the syntax element is initBitDepth[ i ] bits.
When not present, the value of dr_fill_value[ i ][ 0 ] is inferred to be equal to 0 and the values of dr_fill_value[ i ][ 1 ] and dr_fill_value[ i ][ 2 ] are inferred to be equal to 1 << ( initBitDepth[ i ] − 1 ) for i in the range of 0 to dr_num_rect_minus1, inclusive.
dr_fill_blur_sigma[ i ], when present, specifies the sigma parameter of the gaussian blur to be applied for the filling of the i-th display rectangle.
The variable DrSigma[ i ] is derived as follows:
	DrSigma[ i ] = dr_fill_blur_sigma[ i ] ÷ 16
dr_fill_blur_kernel_param_minus1[ i ] plus 1, when present, represents the parameter used to calculate the kernel size.
The variable DrKernelSize[ i ] is derived as follows:
	DrKernelSize[ i ] = 2 * (dr_fill_blur_kernel_param_minus1 i ] +1) + 1
dr_fill_content_region_width[ i ] specifies the width of the content region used for filling of the i-th display rectangle, in DrUnitSizeInit units of luma samples. When not present, the value of dr_fill_content_region_width[ i ] is set to the value of corresponding syntax element in the previous DR SEI message in output order.
The variable DrFillWidth[ i ] is derived as follows:
	DrFillWidth[ i ] = DrUnitSizeInit * dr_fill_content_region_width[ i ] 
The variable DrFillHeight is derived as follows:
	DrFillHeight[ i ] = ( DrFillWidth[ i ] *  DrRectWidth[ i ] ) / DrRectHeight[ i ] 
It is a requirement of bitstream conformance that DrFillWidth[ i ] % SubWidthC shall be equal to 0.and DrFillHeight [ i ] % SubHeightC shall be equal to 0.
dr_fill_gradient_idc[ i ], when present, indicates the gradation method applied to the i-th rectangle as specified in Table Z. The value of dr_gradient_idc[ i ] shall be range of 0 to 4, inclusive, in bitstreams conforming to this version of this Specification. The values of 5 to 7, inclusive, for dr_fill_gradient_idc[ i ] are reserved for future use by ITU-T | ISO/IEC. Although the value of dr_fill_gradient_idc[ i ] is required to be in the range of 0 to 4, inclusive, in this version of this Specification, decoders shall allow values of dr_fill_gradient_idc[ i ] in the range of 5 to 7, inclusive, to appear in the syntax, in which case the filling method is undefined.
Table Z – Mapping of dr_fill_gradient_idc[ i ]
	dr_fill_gradient_idc[ i ]
	Method

	[bookmark: _Hlk209697727]0
	horizontal gradient

	1
	vertical gradient

	2
	bottom right radial gradient

	3
	bottom left radial gradient

	4
	centered radial gradient

	5 .. 7
	Reserved


dr_fill_gradient_value_present_flag[ i ] equal to 1 specifies that dr_fill_start_value[ i ][ j ] and dr_fill_start_value[ i ][ j ] are present. dr_fill_gradient_value_present_flag[ i ] equal to 0 specifies that dr_fill_start_value[ i ][ j ] and dr_fill_start_value[ i ][ j ] are not present.
dr_fill_start_value[ i ][ j ], when present, indicates the fill value for the j-th colour component of the i-th rectangle at the gradient start position when dr_fill_method_idc[ i ] equal to 4. The length of the syntax element is initBitDepth[ i ] bits. 
dr_fill_end_value[ i ][ j ], when present, indicates the fill value for the j-th colour component of the i-th rectangle at the gradient end position when dr_fill_method_idc[ i ] equal to 4. The length of the syntax element is initBitDepth[ i ] bits. 
dr_fill_gradient_log2_border_size_minus1[ i ] + 1, when present, indicates the size of the border areas used for inference of dr_fill_start_value[ i ] and dr_fill_end_value[ i ] for the i-th rectangle. When not present, dr_fill_gradient_log2_border_size_minus1[ i ] is inferred to be equal to 0.
The variable borderSize[ i ] is set equal to 1   <<   (dr_fill_gradient_log2_border_size_minus1[ i  ]).

Let Avg(inPic,x0,y0,w0,h0,c) be specified as a function that returns the average sample value of the rectangle of position (x0,y0) and of dimension w0×h0 in the c-th component of the input picture inPic.

When dr_fill_start_value[ i ][ j ] and dr_fill_end_value[ i ][ j ] are not present, they are inferred as follows:
· cF =  (j  = =  0 ? 1 : SubWidthC)
· bB = borderSize[ i ] / cF
· topLX = max( 0, DrRectTopLeftX [ i ] ) / cF
· topLY = max( 0, DrRectTopLeftY [ i ] ) / cF
· topRX = min( DrRectTopLeftX [ i ] + DrRectWidth[ i ], CroppedWidth[ i ] ) ] ) / cF − bB
· topRY = max( 0, DrRectTopLeftY [ i ] ) / cF
· centerX = ( topLX + ( topRX / 2 ) ) / cF
· centerY = ( topLY+ ( topRY / 2 ) ) / cF
· bottomRX = topRX / cF
· bottomRY = min( DrRectTopLeftY[ i ] + DrRectHeight[ i ], CroppedHeight[i] ) / cF −  bB
· bottomLX = topLX / cF
· bottomLY = bottomRY / cF
· bH =  min( DrRectTopLeftY [ i ] + DrRectHeight[ i ], CroppedHeight[ i ] ) / cF
· bW =  min( DrRectTopLeftX [ i ] + DrRectWidth[ i ], CroppedWidth[ i ] ) / cF
· When dr_fill_gradient_idc[ i ] is equal to 0 : 
· dr_fill_start_value[ i ][ j ] = Avg( DecodedPicture, topLX, topLY, bB, bH, j )
· dr_fill_end_value[ i ][ j ] = Avg( DecodedPicture, topRX, topRY, bB, bH, j )
· When dr_fill_gradient_idc[ i ] is equal to 1 :						
· dr_fill_start_value[ i ][ j ] = Avg( DecodedPicture, topLX, topLY, bW, bB, j )
· dr_fill_end_value[ i ][ j ] = Avg( DecodedPicture, bottomLX, bottomLY, bW, bB, j )
· When dr_fill_gradient_idc[ i ] is equal to 2 : 
· dr_fill_start_value[ i ][ j ] = Avg( DecodedPicture, bottomRX, bottomRY, bB, bB, j )
· dr_fill_end_value[ i ][ j ] = Avg( DecodedPicture, topLX, topLY, bB, bB, j )
· When dr_fill_gradient_idc[ i ] is equal to 3 : 
· dr_fill_start_value[ i ][ j ] = Avg( DecodedPicture, bottomLX, bottomLY, bB, bB, j )
· dr_fill_end_value[ i ][ j ] = Avg( DecodedPicture, topRX, topRY, bB, bB, j )
· When dr_fill_gradient_idc[ i ] is equal to 4 : 
· a = Avg( DecodedPicture, topLX, topLY, bB, bH, j ) * bB * bH
· b = Avg( DecodedPicture, topRX, topRY, bB, bH, j ) * bB * bH
· c = Avg( DecodedPicture, topLX, topLY, bW, bB, j ) * bW * bB
· [bookmark: _Hlk213147465]d = Avg( DecodedPicture, bottomLX, bottomLY, bW, bB, j ) * bW * bB 
· dr_fill_start_value[ i ][ j ] = Avg( DecodedPicture, centerX, centerY, bB, bB, j )
· dr_fill_end_value[ i ][ j ] = ( a + b + c + d ) / ( 2 * bB * bH + 2 * bW * bB )
dr_rect_id[ i ] specifies the identifier for the i-th display rectangle. The value of dr_rect_id[ i ] shall be in the range of 0 to 15, inclusive. When dr_pos_updates_flag is equal to 0, the value of dr_rect_id[ i ] is inferred to be equal to the value of dr_assigned_rect_id[ i ].
It is a requirement of bitstream conformance that the value of dr_rect_id[ i ], where i in the range of 0 to 15, shall be equal to the value of dr_assigned_rect_id[ j ], where j is in the range of 0 to 15, of a rectangle indicated in the previous DR SEI message with dr_pos_updates_flag equal to 0 present in the CLVS.
dr_rect_pos_update_flag[ i ] equal to 1 specifies that the display rectangle position information of the i-th rectangle is updated. dr_rect_pos_update_flag[ i ] equal to 0 specifies that there is no change to the display rectangle position information of i-th rectangle. When not present, the value of dr_rect_pos_update_flag[ i ] is inferred to 1.
[bookmark: _Hlk209632397]dr_center_flag[ i ] equal to 1 specifies that the decoded picture is centered relative to the i-th display rectangle without dr_rect_top_left_x[ i ], dr_rect_top_left_y[ i ], dr_rect_top_left_x[ i ] and dr_rect_top_left_y[ i ]. dr_center_flag[ i ] equal to 0, specifies that dr_rect_top_left_x[ i ], dr_rect_top_left_y[ i ], dr_rect_top_left_x[ i ] and dr_rect_top_left_y[ i ] are signalled for i in the range of 0 to dr_num_rect_minus1, inclusive.
dr_rect_top_left_x[ i ] and dr_rect_top_left_y[ i ] specify the top left x and y coordinates, respectively, of the i-th rectangle. When not present, the values of dr_rect_top_left_x[ i ] and dr_rect_top_left_y[ i ] are set to the values of corresponding syntax elements, respectively, in the previous DR SEI message in output order.
dr_rect_top_left_x_sign[ i ] and dr_rect_top_left_y_sign[ i ] specify the sign to be applied to dr_rect_top_left_x[ i ] and dr_rect_top_left_y[ i ], respectively. When not present, the values of dr_rect_top_left_x_sign[ i ] and dr_rect_top_left_y_sign[ i ] are set to the values of corresponding syntax elements, respectively, in the previous DR SEI message in output order.
The variables DrRectTopLeftX[ i ] and DrRectTopLeftY[ i ] are derived as follows:
if( dr_center_flag ){
	DrRectTopLeftX[ i ] = − ( DrRectWidth[ i ] − CroppedWidth[ i ] ) / 2
	DrRectTopLeftY[ i ] = − ( DrRectHeight[ i ] − CroppedHeight[ i ] ) / 2
}else {
	DrRectTopLeftX[ i ] = ( 1 − 2*dr_rect_top_left_x_sign[ i ] ) * dr_rect_top_left_x[ i ]
	DrRectTopLeftY[ i ] = ( 1 − 2*dr_rect_top_left_y_sign[ i ] ) * dr_rect_top_left_y[ i ]
}
The following are requirements of bitstream conformance:
[bookmark: _Hlk192659870]–	DrRectTopLeftX[ i ] % SubWidthC shall be equal to 0
–	DrRectTopLeftY[ i ] % SubHeightC shall be equal to 0
–	DrRectTopLeftX[ i ] + DrRectWidth[ i ] shall be greater or equal than borderSize[ i ] and DrRectTopLeftX[ i ] shall be less than CroppedWidth[ i ] −  borderSize[ i ].
–	DrRectTopLeftY[ i ] + DrRectHeight[ i ] shall be greater or equal than borderSize[ i ] and DrRectTopLeftY[ i ] shall be less than CroppedHeight[ i ] −  borderSize[ i ].

dr_fill_content_region_top_left_x[ i ] and dr_fill_content_region_top_left_y[ i ] specifies the top left x and y coordinates, respectively, of the region used for filling of the i-th display rectangle, in DrUnitSize units.
Let Extrapolate(OutPic, InPic, x0, y0, w0, h0 ) be specified as a function that extracts a rectangle from position (x0,y0) and luma size w0×h0 in InPic input picture, and extrapolate it to the OutPic output picture. If OutPic has larger dimensions than the extracted area in InPic, an upscaling operation is performed.
Let Blur(OutPic, InPic, x0, y0, w0, h0, sigma0 ) be specified as a function that extracts a rectangle from position (x0,y0) and luma size w0×h0 in InPic input picture, scales it to the resolution of OutPic output picture, and applies a guassian blur with standard deviation sigma0. If OutPic has larger dimensions than the extracted area in InPic, an upscaling operation is performed. 
A selected display rectangle index, selIdx, may be determined by external means, by comparing the aspect ratio and display resolution of the intended display and the values of the dr_display_aspect_ratio[ i ], dr_rect_width[ i ] and dr_rect_height[ i ] syntax elements for each display rectangle. 
When a value of selIdx is selected, it is recommend to form a picture intended for display, DrDisplay[ selIdx ],  of luma resolution DrRectWidth[ selIdx ] x DrRectHeight[ selIdx ] and chroma format ChromaFormatIdc, are derived as follows:
[bookmark: _Hlk209807772][bookmark: _Hlk209807792]
	if( dr_fill_method_idc[ selIdx ]  = =  1 )  {
		for( y = 0; y < DrRectHeight [ selIdx ]; y++ ) 
			for( x = 0; x < DrRectWidth [ selIdx ]; x++ ) 
				DrDisplay [ selIdx ][ 0 ][ x ][ y ] = dr_fill_value[ selIdx ][ 0 ] 

		for( cIdx = 1; cIdx < ((ChromaFormatIdc   = =   0 ) ? 1 : 3 ); cIdx++ )
			for( y = 0; y < DrRectHeight [ selIdx ]/ SubHeightC; y++ ) 
				for( x = 0; x < DrRectWidth [ selIdx ]/ SubWidthC; x++ )
					DrDisplay [ selIdx ][ cIdx ][ x ][ y ] = dr_fill_value[ selIdx ][ cIdx ] 
	} else if( dr_fill_method_idc[ selIdx ]   = =  2 )  {
		Extrapolate(DrDisplay [ selIdx ], DecodedPicture, dr_fill_content_region_top_left_x[ selIdx ], 
							dr_fill_content_region_top_left_y[ selIdx ], DrFillWidth[ selIdx ], DrFillHeight[ selIdx ] )
	} else if( dr_fill_method_idc[ selIdx ]  = =  3 )  {
		Blur(DrDisplay [ selIdx ], DecodedPicture, dr_fill_content_region_top_left_x[ selIdx ], 
				dr_fill_content_region_top_left_y[ selIdx ], DrFillWidth[ selIdx ], DrFillHeight[ selIdx ], 
				DrKernelSize[ selIdx ], DrSigma[ selIdx ] )
	} else if ( dr_fill_method_idc[ selIdx ]  = =  4 ) {
		idc = dr_fill_gradient_idc[ selIdx ]
		if ( idc  < =  3 ) {
			denom = ( idc  = =  0 ) ? DrRectWidth[ selIdx ] :
							( idc  = =  1 ) ? DrRectHeight[ selIdx ] :
							sqrt( ( DrRectWidth[ selIdx ] )2 + ( DrRectHeight[ selIdx ] )2 )
			for( y = 0; y < DrRectHeight[ selIdx ]; y++ ) {
				for( x = 0; x < DrRectWidth[ selIdx ]; x++ ) {
					numer = ( idc  = =  0 ) ? x :
									( idc  = =  1 ) ? y :
									sqrt( ( idc  = =  2 ? x2 : ( DrRectWidth[ selIdx ] – x )2) + y2 )
					DrDisplay[ selIdx ][ 0 ][ x ][ y ] = ( dr_fill_end_value[ selIdx ][ 0 ] – dr_fill_start_value[ selIdx ][ 0 ] ) 																				* numer / denom + dr_fill_start_value[ selIdx ][ 0 ]
				}
			}
			denom = ( idc  = =  0 ) ? DrRectWidth[ selIdx ] / SubWidthC :
							( idc  = =  1 ) ? DrRectHeight[ selIdx ] / SubHeightC :
							sqrt( ( DrRectWidth[ selIdx ] / SubWidthC )2 + ( DrRectHeight[ selIdx ] / SubHeightC )2
			for( cIdx = 1; cIdx < ( ( ChromaFormatIdc = = 0 ) ? 1 : 3 ); cIdx++ ) {
				for( y = 0; y < DrRectHeight[ selIdx ] / SubHeightC; y++ ) {
					for( x = 0; x < DrRectWidth[ selIdx ]/ SubWidthC; x++ ) {
						numer = ( idc = = 0 ) ? x :
										( idc = = 1 ) ? y :
										sqrt( ( idc  = =  2 ? x2 : ( DrRectWidth[ selIdx ] / SubWidthC – x )2 ) + y2  )
						DrDisplay[ selIdx ][ cIdx ][ x ][ y ] = ( dr_fill_end_value[ selIdx ][ cIdx ] 
									dr_fill_start_value[ selIdx ][ cIdx ] ) * numer / denom + dr_fill_start_value[ selIdx ][ cIdx ]
					}
				}
			}

		} else if ( idc == 4) {
			for( cIdx = 1; cIdx < ( ( ChromaFormatIdc   = =   0 ) ? 1 : 3 ); cIdx++ ) {
				sHeight = ( cIdx > 1 ? SubHeightC : 1 )
				sWidth = ( cIdx > 1 ? SubWidthC : 1 )
				denom = Sqrt((DrRectWidth[ selIdx ] / (2* sWidth)) 2 +
												 (DrRectHeight[ selIdx ] / (2* sHeight)) 2)
				for( y = 0; y < DrRectHeight[ selIdx ] / sHeight; y++ ) {
					for( x = 0; x < DrRectWidth[ selIdx ]/ sWidth; x++ ) {
						numer = Sqrt( ( DrRectWidth[ selIdx ] / (2* sWidth) – x )2 ) + 
												 ( DrRectWidth[ selIdx ] / (2* sWidth) – y ) 2)
						DrDisplay[ selIdx ][ cIdx ][ x ][ y ] = ( dr_fill_end_value[ selIdx ][ cIdx ] –
											dr_fill_start_value[ selIdx ][ cIdx ] ) * numer / denom + 
											dr_fill_start_value[ selIdx ][ cIdx ]
		}
	}

	for( y0 = 0, y = DrRectTopLeftY [ selIdx ]; y0 < DrRectHeight[ selIdx ]; y0++, y++ ) {
		yInCodedPic = ( y   > =   0 ) && ( y < CroppedHeight[ selIdx ] )
		for( x0 = 0, x = DrRectTopLeftX [ selIdx ]; x0 < DrRectWidth[ selIdx ]; x0++, x++ ) {
			xInCodedPic = ( x   > =   0 ) && ( x < CroppedWidth[ selIdx ] ) 
			if ( yInCodedPic & & xInCodedPic ) 
				DrDisplay [ selIdx ][ 0 ][ x0 ][ y0 ] = DecodedPicture[ 0 ][ x ][ y ] 
		}
	}
	for( cIdx = 1; cIdx < ( ChromaFormatIdc   = =   0 ? 1 : 3 ); cIdx++ ) {
		for( y0 = 0, y = DrRectTopLeftY [ selIdx ] ]/SubHeightC; y0 < DrRectHeight[ selIdx ] ]/SubHeightC; 
											y0++, y++ ) {
			yInCodedPic = ( y   > =   0 ) & & ( y < CroppedHeight[ selIdx ] / SubHeightC )
			for( x0 = 0, x = DrRectTopLeftX [ selIdx ] / SubWidthC; x0 < DrRectWidth [ selIdx ] / SubWidthC; 
											x0++, x++ ) {
				xInCodedPic = ( x   > =   0 )   & &   ( x < CroppedWidth[ selIdx ] / SubWidthC ) 
				if ( yInCodedPic   & &   xInCodedPic ) 
					DrDisplay [ selIdx ][ cIdx ][ x0 ][ y0 ] = DecodedPicture[ cIdx ][ x ][ y ] 	
			}
		}
	}

Add clause 8.51: Picture segmentation information SEI message
8.51 Picture segmentation information SEI message
8.51.1 Picture segmentation information SEI message syntax

	picture_segmentation_info( payloadSize ) {
	Descriptor

		psi_cancel_flag
	u(1)

		if ( !psi_cancel_flag ) {
	

			psi_single_component_flag
	u(1)

			psi_value_bit_depth_minus8
	u(4)

			psi_shift_operator
	u(4)

			psi_min_value
	u(v)

			psi_max_value
	u(v)

			psi_type_idc
	u(3)

			MinValue = psi_single_component_flag ? 0 : psi_min_value
	

			MaxValue = psi_single_component_flag ? 0 : psi_max_value
	

			if ( psi_type_idc == SEGMENT_ID_FULL )
	

				for( i = psi_min_value; i <= psi_max_value; i++ )
	

					for( j = MinValue; j <= MaxValue; j++ )
	

						for( k = MinValue; k <= MaxValue; k++ ) {
	

							psi_type_id
	u(16)

							PsiTypeId[ i << psi_shift_operator ][ j << psi_shift_operator ]
							[ k << psi_shift_operator ] = psi_type_id
	

						}
	

			else if ( psi_type_idc == SEGMENT_ID_IMPLICIT ) {
	

				IdCount = psi_max_value  psi_min_value + 1
	

				for( i = psi_min_value; i <= psi_max_value; i++ )
	

					for( j = MinValue; j <= MaxValue; j++ )
	

						for( k = MinValue; k <= MaxValue; k++ )
	

							PsiTypeId[ i<< psi_shift_operator ][ j<< psi_shift_operator ]
							[ k<< psi_shift_operator ] = ( i – psi_min_value ) + ( j – MinValue ) * IdCount
							 + ( k – MinValue ) * IdCount * IdCount
	

			}
	

			else if( psi_type_idc == SEGMENT_ID_SPARSE ) {
	

				psi_values_cnt_minus1
	u(v)

				for( i = 0; i <= psi_values_cnt_minus1; i++ ) {
	

					for( k = 0; k <= (psi_single_component_flag ? 0 : 2) ; k ++)
	

						psi_value[ i ][ k ]
	u(v)

					PsiValue[ i ][ 0 ] = psi_value[ i ][ 0 ] << psi_shift_operator
	

					PsiValue[ i ][ 1 ] = ( psi_single_component_flag == 1) ?
					0 : psi_value[ i ][ 1 ] << psi_shift_operator
	

					PsiValue[ i ][ 2 ] = ( psi_single_component_flag == 1) ?
					0 : psi_value[ i ] [ 2 ] << psi_shift_operator
	

					psi_type_id
	u(16)

					PsiTypeId[ PsiValue[ i ][ 0 ]][ PsiValue[ i ][ 1 ]][ PsiValue[ i ][ 2 ] ] = psi_type_id
	

				}
	

			}
	

		}
	

	}
	



8.51.2 Picture segmentation information SEI message semantics
The picture segmentation information SEI message provides information that could be used for the purposes of picture segmentation, annotation, and segment extraction using auxiliary pictures of type AUX_SEGMENT and one or more associated pictures. 
For an auxiliary picture with nuh_layer_id equal to nuhLayerIdA and AuxId[ nuhLayerIdA ] equal to AUX_SEGMENT, an associated picture, if any, is a picture in the same access unit having AuxId[ nuhLayerIdB ] equal to 0 such that ScalabilityId[ LayerIdxInVps[ nuhLayerIdA ] ][ j ] is equal to ScalabilityId[ LayerIdxInVps[ nuhLayerIdB ] ][ j ] for all values of j in the range of 0 to 3, inclusive, and 4 to 15, inclusive. 
When an access unit contains an auxiliary picture picA with nuh_layer_id equal to nuhLayerIdA and AuxId[ nuhLayerIdA ] equal to AUX_SEGMENT, the picture segmentation sample values of picA persist in output order until one or more of the following conditions are true: 
· The next picture, in output order, with nuh_layer_id equal to nuhLayerIdA is output.
· A CLVS containing the auxiliary picture picA ends. 
· A CLVS of any associated layer of the auxiliary picture layer with nuh_layer_id equal to nuhLayerIdA ends. 
The following semantics apply separately to each nuh_layer_id targetLayerId among the nuh_layer_id values to which the picture segmentation information SEI message applies. 
When an AU contains both an SDI SEI message and a PSI SEI message, the SDI SEI message shall precede the PSI SEI message in decoding order.
It is a requirement of bitstream conformance that, when a PSI SEI message is present in a CVS, an SDI SEI message indicating at least one auxiliary layer of type AUX_SEGMENT shall also be present in the same CVS.
psi_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of any previous picture segmentation info SEI message in output order that applies to the current layer. psi_cancel_flag equal to 0 indicates that picture segmentation information follows.
Let currPic be the picture that the picture segmentation information SEI message is associated with. The semantics of the picture segmentation information SEI message persist for the current layer in output order until one or more of the following conditions are true: 
· A new CLVS of the current layer begins. 
· The bitstream ends. 
· A picture picB with nuh_layer_id equal to targetLayerId in an access unit containing an picture segmentation information SEI message with nuh_layer_id equal to targetLayerId is output having PicOrderCnt(picB) greater than PicOrderCnt( currPic ), where PicOrderCnt( picB ) and PicOrderCnt( currPic ) are the PicOrderCntVal values of picB and currPic, respectively, immediately after the invocation of the decoding process for picture order count for picB. 
psi_single_component_flag equal to 1 indicates that only the luma component of the auxiliary coded picture of type AUX_SEGMENT is used. psi_single_component_flag equal to 0 indicates that all three colour components of the auxiliary coded picture of type AUX_SEGMENT are used. It is a requirement of bitstream conformance that if ChromaFormatIDC is equal to 0 psi_single_component_flag shall be equal to 1.
psi_value_bit_depth_minus8 plus 8 specifies the bit depth of the parameters used to interpret the sample array values of the auxiliary picture for the purpose of assigning a segmentation mask to the samples of an associated picture. psi_value_bit_depth_minus8 shall be in the range 0 to 8 inclusive. 
If psi_single_component_flag is equal to 1, it is a requirement of bitstream conformance that psi_value_bit_depth_minus8 shall be less than or equal to bit_depth_luma_minus8 of the associated auxiliary coded picture of type AUX_SEGMENT. 
Otherwise, if psi_single_component_flag is equal to 0, it is a requirement of bitstream conformance that psi_value_bit_depth_minus8 shall be less than or equal to Min(bit_depth_luma_minus8, bit_depth_chroma_minus8) of the associated auxiliary coded picture of type AUX_SEGMENT.
psi_shift_operator indicates the shift operator to be used when interpreting the data in the auxiliary picture of type AUX_SEGMENT associated with this SEI message. The value of psi_shift_operator shall be in the range of 0 to psi_value_bit_depth_minus8 + 7, inclusive.
psi_min_value specifies the minimum value, in ( 1 << psi_shift_operator ) units, for the luma or for all colour sample values in the auxiliary coded picture of type AUX_SEGMENT that is associated with an object id. The number of bits used for the representation of the psi_min_value syntax element is psi_channelvalue_bit_depth_minus8 + 8 − psi_shift_operator.
psi_max_value specifies the maximum value, in ( 1 << psi_shift_operator ) units, for the luma or for all colour sample values in the auxiliary coded picture of type AUX_SEGMENT that is associated with an object id. The number of bits used for the representation of the psi_max_value syntax element is psi_channelvalue_bit_depth_minus8 + 8 − psi_shift_operator.
The value of psi_max_value shall be greater than the value of psi_min_value.
The luma samples, auxLuma, in the auxiliary picture of type AUX_SEGMENT associated with this SEI message shall be processed as follows prior to usage by any application.
The variables quantAuxLuma, dequantAuxLuma and finalAuxLuma are derived as follows:
–	If psi_shift_operator is equal to 0,
	finalAuxLuma = Clip3( psi_min_value, psi_max_value, auxLuma)
–	Otherwise,
	quantAuxLuma = (auxLuma + (1 << (psi_shift_operator - 1))) >> psi_shift_operator
	dequantAuxLuma = quantAuxLuma << psi_shift_operator
	finalAuxLuma = Clip3( psi_min_value << psi_shift_operator, psi_max_value << psi_shift_operator, dequantAuxLuma)
If psi_single_component_flag is equal to 0 the chroma samples, auxCr and auxCb, in the auxiliary picture of type AUX_SEGMENT associated with this SEI message, and after upsampling of these samples to the same resolution as that of the luma, shall be processed as follows prior to usage by any application. 
The variables quantAuxCr, quantAuxCb, dequantAuxCr, dequantAuxCb, finalAuxCr, and finalAuxCb are derived as follows:
–	If psi_shift_operator is equal to 0,
	finalAuxCr = Clip3( psi_min_value, psi_max_value, auxCr)
	finalAuxCb = Clip3( psi_min_value, psi_max_value, auxCb)
–	Otherwise,
	quantAuxCr = ( auxCr + ( 1 << ( psi_shift_operator - 1))) >> psi_shift_operator
	quantAuxCb = ( auxCb + ( 1 << ( psi_shift_operator - 1))) >> psi_shift_operator
	dequantAuxCr = quantAuxCr << psi_shift_operator
	dequantAuxCb = quantAuxCb << psi_shift_operator
	finalAuxCr = Clip3( psi_min_value << psi_shift_operator, psi_max_value << psi_shift_operator, dequantAuxCr)
	finalAuxCb = Clip3( psi_min_value << psi_shift_operator, psi_max_value << psi_shift_operator, dequantAuxCb)
Otherwise, if psi_single_component_flag is equal to 1, the values of finalAuxCr and finalAuxCb are set equal to 0 for all luma samples in the auxiliary picture of type AUX_SEGMENT associated with this SEI message regardless of the chroma format and chroma sample values, if present, of the auxiliary picture of type AUX_SEGMENT.
The resulting values of finalAuxLuma and the corresponding values of finalAuxCr and finalAuxCb for each luma sample in the auxiliary picture of type AUX_SEGMENT associated with this SEI message are then utilized for determining the association of any collocated samples in the associated picture with the object specified by these values.
psi_type_idc indicates whether an explicit ID is assigned to a particular sample value combination of finalAuxLuma, finalAuxCr, and finalAuxCb encountered in the processed auxiliary picture of type AUX_SEGMENT associated with this SEI message. This ID value can be used to identify the segment by an application. The value of psi_type_idc shall be in the range of 0 to 3, inclusive. Values of psi_type_idc larger than 3 are reserved for future use by ITU‑T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders shall ignore picture segmentation information SEI messages with psi_type_idc larger than 3.
			Table F.14.3.13 Segment label indicated by psi_type_idc 
	psi_type_idc
	Segment Label
	Purpose

	0
	 SEGMENT_ID_NULL
	IDs are not present and can be signaled by external means or determined by the application

	1
	SEGMENT_ID_IMPLICIT
	IDs are computed based on syntax

	2
	SEGMENT_ID_FULL
	IDs are explicitly signaled for all possible values

	3
	SEGMENT_ID_SPARSE
	Sparse values and IDs are explicitly signaled

	4-7
	Reserved
	Reserved for future use.


If psi_type_idc is equal to 0, then no explicit ID value is associated with a particular sample value combination of finalAuxLuma, finalAuxCr, and finalAuxCb encountered in the processed auxiliary picture of type AUX_SEGMENT associated with this SEI message. Such association may occur through external means or determined by the application.
psi_type_id, when present, is a syntax element that can explicitly indicate the ID associated with a particular sample value combination of finalAuxLuma, finalAuxCr, and finalAuxCb encountered in the processed auxiliary picture of type AUX_SEGMENT associated with this SEI message. psi_type_id[ i ] shall be in the range of 0 to 216 − 1, inclusive.
In particular, if the sample value combination of finalAuxLuma, finalAuxCr, and finalAuxCb is encountered at a particular sample position in the processed auxiliary picture of type AUX_SEGMENT associated with this SEI message, then the ID for the collocated sample position in an associated picture is set to an ID value equal to PsiTypeId[ finalAuxLuma ][ finalAuxCb ][ finalAuxCr ].
If a particular sample value combination of finalAuxLuma, finalAuxCr, and finalAuxCb is encountered in the processed auxiliary picture of type AUX_SEGMENT associated with this SEI message that is not associated with an ID value, then for that sample value combination the ID of the collocated sample position in an associated picture is considered to be unspecified.
psi_values_cnt_minus1 plus 1 specifies the number of possible sample component value combinations, PsiValue[ i ][ j ], with i in the range of 0 to psi_values_cnt_minus1, inclusive, and j in the range of 0 to 2, inclusive, that will be identified with an explicit ID in subsequent syntax. The number of bits used for the representation of the psi_values_cnt_minus1 syntax element is psi_value_bit_depth_minus8 + 8.
psi_value[ i ][ k ], with k in the range of 0 to 2, inclusive, when present, indicates the k-th component value, in ( 1  <<  psi_shift_operator ) units, of the i-th sample component value combination for which an ID is to be explicitly identified.
The value of psi_value[ i ][ k ], when present, shall be in the range of psi_min_value and psi_max_value, inclusive. The number of bits used for the representation of the psi_value[ i ][ k ] syntax element is psi_channelvalue_bit_depth_minus8 + 8 − psi_shift_operator.
If psi_type_idc is equal to SEGMENT_ID_SPARSE a 2D array PsiValue of size ( psi_values_cnt_minus1 + 1 ) × 3 is generated as follows:
			for( i = 0; i  <=  psi_values_cnt_minus1; i++ ) {
				PsiValue[ i ][ 0 ] = psi_value[ i ][ 0 ]
				PsiValue[ i ][ 1 ] = ( psi_single_component_flag  = =  1 ) ? 0 : psi_value[ i ][ 1 ]
				PsiValue[ i ][ 2 ] = ( psi_single_component_flag  = =  1 ) ? 0 : psi_value[ i ][ 2 ]
			}
In this case, the determination of whether a particular sample combination of finalAuxLuma, finalAuxCb, and finalAuxCr in the processed auxiliary picture of type AUX_SEGMENT is associated with an ID and, if so, its corresponding ID, is performed as follows:
	for( i = 0; i  <=  psi_values_cnt_minus1; i++ )
		if( finalAuxLuma  = =  PsiValue[ i ][ 0 ]  &&  finalAuxCb  = =  PsiValue[ i ][ 1 ]  &&
			finalAuxCr  = =  PsiValue[ i ][ 2 ] ) {
			Sample value { finalAuxLuma, finalAuxCb, finalAuxCr } is associated with an ID.
			The ID is set to the value of PsiTypeId[ finalAuxLuma ][ finalAuxCb ][ finalAuxCr ].
		}
		else
			Sample value { finalAuxLuma, finalAuxCb, finalAuxCr } is not associated with an ID. 

Add clause 8.52: Danmu information SEI message
8.52 Danmu information SEI message
8.52.1 Danmu information SEI message syntax

	danmu_info( payloadSize ) {
	Descriptor

		di_cancel_flag
	u(1)

		if( !di_cancel_flag ) {
	

			di_num_danmu_minus1
	ue(v)

			di_num_languages
	ue(v)

			di_identifier_present_flag
	u(1)

			di_duration_present_flag
	u(1)

			if( di_num_languages >0 )
	

				while( !byte_aligned( ) )
	

					di_bit1_equal_to_zero /* equal to 0 */
	f(1)

			for( i = 0; i  <=  di_num_languages; i++ )
	

				di_language[ i ]
	st(v)

			di_rendered_text_size_present_flag
	u(1)

			if( di_rendered_text_size_present_flag )
	

				di_rendered_text_size_idc
	u(2)

			di_default_params_present_flag
	u(1)

			if( di_default_params_present_flag ) {
	

				di_default_display_type_idc
	u(4)

				di_default_colour_idc
	u(4)

				if( di_default_colour_idc  = =  15 )
	

					di_default_colour_rgb
	u(24)

				if( di_duration_present_flag )
	

					di_default_duration_val
	ue(v)

				if( di_num_languages > 1 )
	

					di_default_lang_idx
	ue(v)

			}
	

			for( i = 0; i  <=  di_num_danmu_minus1; i++ ) {
	

				if( di_identifier_present_flag )
	

					di_identifier[ i ]
	u(32)

				di_use_default_params_flag[ i ]
	u(1)

				if( !di_use_default_params_flag[ i ] ) {
	

					di_display_type_idc[ i ]
	u(4)

					di_colour_idc[ i ]
	u(4)

					if( di_colour_idc[ i ]  = =  15 )
	

						di_colour_rgb[ i ]
	u(24)

					if( di_duration_present_flag )
	

						di_end_delta_poc[ i ]
	ue(v)

					if( di_num_languages > 1 )
	

						di_lang_idx[ i ]
	ue(v)

				}
	

				di_start_delta_poc[ i ]
	ue(v)

				di_presentation_priority[ i ]
	u(3)

			}
	

			while( !byte_aligned( ) )
	

				di_bit2_equal_to_zero /* equal to 0 */
	f(1)

			for( i = 0; i  <=  di_num_danmu_minus1; i++ )
	

				di_text[ i ]
	st(v)

		}
	

	}
	



8.52.2 Danmu information SEI message semantics
The danmu information (DI) SEI message provides danmu information.
Use of this SEI message requires the definition of the following variable:
– The variable CurrPoc that indicates the POC of the current picture.
The DI SEI message persists for the current picture until the next picture in output order that is associated with another DI SEI message or the end of the CLVS, whichever is earlier.
di_cancel_flag equal to 1 indicates that the DI SEI message cancels the persistence of any previous danmu SEI message associated with a picture earlier than the current picture in output order. di_cancel_flag equal to 0 indicates that danmu information follows.
di_num_danmu_minus1 plus 1 specifies the number of danmu in the DI SEI message. The value of di_num_danmu_minus1 shall be in the range of 0 to 232 − 2, inclusive.
di_num_languages greater than 0 specifies the number of languages for the danmu in the DI SEI message. di_num_languages equal to 0 specifies that the language for the danmu in the DI SEI message is unknown or unspecified or specified by external means not specified in this Specification. The value of di_num_languages shall be in the range of 0 to 63, inclusive.
di_identifier_present_flag equal to 1 specifies that the syntax element di_identifier[ i ] is present in the DI SEI message. di_identifier_present_flag equal to 0 specifies that the syntax element di_identifier[ i ] is not present in the DI SEI message.
di_duration_present_flag equal to 1 specifies that duration parameters are present in the DI SEI message. di_duration_present_flag equal to 0 specifies that duration parameters are unknown or unspecified or specified by external means not specified in this Specification.
di_bit1_equal_to_zero shall be equal to 0.
di_language[ i ], when present, contains a language tag as specified by IETF RFC 5646 followed by a null termination byte equal to 0x00. The length of the di_language[ i ] syntax element shall be less than or equal to 255 bytes, not including the null termination byte.
di_rendered_text_size_present_flag equal to 1 indicates that the syntax element di_rendered_text_size_idc is present in the DI SEI message. di_fixed_font_size_present_flag equal to 0 indicates that the syntax element di_rendered_text_size_idc is not present in the DI SEI message.
di_rendered_text_size_idc specifies a rendered text size category to be applied to all danmus signalled in the DI SEI message. The value of di_rendered_text_size_idc shall be in the range of 0 to 3, inclusive. di_rendered_text_size_idc equal to 0 indicates that a small rendered text size is used for all danmus signalled in the DI SEI message. di_rendered_text_size_idc equal to 1 indicates that a medium rendered text size is used for all danmus signalled in the DI SEI message. di_rendered_text_size_idc equal to 2 indicates that a large rendered text size is used for all danmus signalled in the DI SEI message. di_rendered_text_size_idc equal to 3 is reserved for future use by ITU‑T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification.
di_default_params_present_flag equal to 1 indicates that the syntax elements specifying the default display type and color infomation for danmu parameters are present in the DI SEI message. di_default_params_present_flag equal to 0 indicates that the syntax elements specifying the default display type and color infomation for danmu parameters are not present in the DI SEI message.
di_default_display_type_idc specifies the default value for the syntax element di_display_type_idc[ i ] when di_use_default_params_flag[ i ] is equal to 1. When not present, the value of di_default_display_type_idc is inferred to be equal to 7.
di_default_colour_idc specifies the default value for the syntax element di_color_idc[ i ] when di_use_default_params_flag[ i ] is equal to 1. When not present, the value of di_default_colour_idc is inferred to be equal to 0.
di_default_colour_rgb specifies the default value for the syntax element di_colour_rgb[ i ] when di_default_colour_idc is equal to 15 and di_use_default_params_flag[ i ] is equal to 1.
di_default_duration_val specifies the duration value in POC units of the i-th danmu with di_use_default_params_flag[ i ] is equal to 1, for i in the range of 0 to di_num_danmu_minus1, inclusive. When not present, the value of di_default_duration_val is inferred to be equal to 60.
di_default_lang_idx specifies that default value for syntax element di_lang_idx[ i ] when di_use_default_params_flag[ i ] is equal to 1. The value of di_default_lang_idx shall be in the range from 0 to di_num_languages − 1, inclusive. When not present, di_default_lang_idx is inferred to be 0.
di_identifier[ i ] specifies the identifier of the i-th danmu in the CLVS. It is a requirement of bitstream conformance that for any two different integer values of j and k in the range of 0 to di_num_danmu_minus1, inclusive, di_identifier[ i ] shall not be equal to di_identifier[ k ].
di_use_default_params_flag[ i ] equal to 1 indicates that the syntax elements specifying display type and color information for the i-th danmu are not present and are derived to be equal to their default values. di_use_default_params_flag[ i ] equal to 0 specifies that the i-th danmu does not use the default values for its display type and color information parameters.
di_display_type_idc[ i ] specifies the preferred display method for the i-th danmu. The list of preferred display methods is shown in Table X. When di_use_default_params_flag[ i ] is equal to 1, the value of di_display_type_idc[ i ] is inferred to be equal to di_default_display_type_idc.
Table X– Mapping of di_display_type_idc[ i ] to the preferred display method
	di_display_type_idc[ i ]
	Preferred display method

	0
	Unspecified

	1
	Top (the danmu is displayed in the upper part of the video)

	2
	Bottom (the danmu is displayed in the lower part of the video)

	3
	Right (the danmu is displayed in the right part of the video)

	4
	Left (the danmu is displayed in the left part of the video)

	5
	Scrolling from top to bottom (the danmu enters the video from the top boundary, moves uniformly to the bottom boundary until it is out of the video)

	6
	Scrolling from bottom to top (the danmu enters the video from the bottom boundary, moves uniformly to the top boundary until it is out of the video)

	7
	Scrolling from right to left (the danmu enters the video from the right boundary, moves uniformly to the left boundary until it is out of the video)

	8
	Scrolling from left to right (the danmu enters the video from the left boundary, moves uniformly to the right boundary until it is out of the video)

	9-15
	Reserved



di_colour_idc[ i ] in the range of 0 to 14, inclusive, indicates the preferred colour index for the i-th danmu. The RBG colour value for index from 0 to 14, inclusive, is shown in Table Y. di_colour_idc equal to 15 specifies that di_colour_rgb[ i ] is present in the SEI message. When di_use_default_params_flag[ i ] is equal to 1, the value of di_colour_idc[ i ] is inferred to be equal to di_default_colour_idc. The color values shall be interpreted as sRGB colors, as defined in IEC 61966-2-1.
Table Y– Mapping of di_colour_idc[ i ] to the danmu colour
	di_colour_idc[ i ]
	colour name
	colour(0xrrggbb)

	0
	white
	0xffffff

	1
	red
	0xff0000

	2
	green
	0x00ff00

	3
	blue
	0x0000ff

	4
	yellow
	0xffff00

	5
	magenta
	0xff00ff

	6
	cyan
	0x00ffff

	7
	gray
	0x808080

	8
	olive
	0x808000

	9
	dark blue
	0x000080

	10
	turquoise
	0x008080

	11
	purple
	0x800080

	12
	dark green
	0x008000

	13
	dark red
	0x800000

	14
	black
	0x000000

	15
	escape
	0xrrggbb



di_colour_rgb[ i ] specifies the preferred RGB colour for the i-th danmu when di_colour_idc[ i ] is equal to 15. The format of the RGB value is as 0xrrggbb, i.e., the 8 MSBs represent the red colour component, the 8 LSBs represent the blue colour component, and the 8 bits in the middle represent the green colour component. When di_colour_idc is equal to 15 and di_use_default_params_flag[ i ] is equal to 1, the value of di_colour_rgb[ i ] is inferred to be equal to di_default_colour_rgb.
di_end_delta_poc[ i ] plus di_start_delta_poc[ i ] plus the POC value of the current picture specifies the value of the variable endPoc[ i ]. If there is a picture picB in the CLVS with POC equal to endPoc[ i ], the display of the i-th danmu should end at the picture picB. Otherwise (there is no picture in the CLVS with POC equal to endPoc[ i ]), the display of the i-th danmu should end at the picture in the CLVS with the greatest POC value among all pictures with POC less than endPoc[ i ]. It is a requirement of bitstream conformance that picB, when present, shall be a picture within the persistence of the DI SEI message. The value of di_end_delta_poc[ i ] shall be in the range of 0 to 65 535, inclusive. When not present and di_duration_present_flag is equal to 1, the value of di_end_delta_poc[ i ] is inferred to be equal to Min( di_default_duration_val, 65 535 ). When not present and di_duration_present_flag is equal to 0, the value of di_end_delta_poc[ i ] is determined by external means.
di_start_delta_poc[ i ] plus CurrPoc specifies the value of the varaiable startPoc[ i ]. If there is a picture picA in the CLVS with POC equal to startPoc[ i ], the display of i-th danmu should start from the picture picA. Otherwise (there is no picture in the CLVS with POC equal to startPoc[ i ]), the display of the i-th danmu should start from the picture in the CLVS with the smallest POC value among all pictures with POC greater than startPoc[ i ]. The value of di_start_delta_poc[ i ] shall be in the range of 0 to 65 535, inclusive.
A danmu should be visible for pictures with POC values in the range of startPoc[ ] to endPoc[ ], inclusive.
di_presentation_priority[ i ] specifies the presentation priority for the i-th danmu. The i-th danmu is more likely to be presented than the j-th danmu when di_presentation_priority[ i ] is less than di_presentation_priority[ j ]. The value of di_priority[ i ] shall be in the range of 0 to 7, inclusive.
di_lang_idx[ i ] specifies that the language of the i-th danmu is indicated by di_language[ di_lang_idx[ i ] ]. When not present, the following applies:
–	If di_num_languages is equal to 1, di_lang_idx[ i ] is inferred to be equal to 0.
–	Else if di_use_default_params_flag[ i ] is equal to 1, di_lang_idx[ i ] is inferred to be equal to di_default_lang_idx.
–	Otherwise (i.e., di_num_languages is equal to 0), di_lang_idx[ i ] is undefined.
di_bit2_equal_to_zero shall be equal to 0.
di_text[ i ] specifies the text for the i-th danmu.

Add clause 8.53: Colour mapping information SEI message
8.53 Colour mapping information SEI message
8.53.1 Colour mapping information SEI message syntax

	[bookmark: _Hlk193907432]colour_mapping_info( payloadSize ) {
	Descriptor

		cmi_cancel_flag
	u(1)

		if ( !cmi_cancel_flag ) {
	

			cmi_persistence_flag
	u(1)

			cmi_colour_map_id
	u(8)

			cmi_name_present_flag
	u(1)	

			if( cmi_name_present_flag ) {
	

				cmi_reserved_zero_5bits
	u(5)

				cmi_colour_map_name
	st(v)

			}
	

			cmi_map_for_display_flag
	u(1)

			if( cmi_colour_map_id >= 128 ) {
	

				cmi_function_present_flag
	u(1)

				if( cmi_function_present_flag ) {
	

	[bookmark: _Hlk206774219]				cmi_function_nominal_bitdepth_minus8
	ue(v)

					cmi_function_type_flag
	u(1)

					if( cmi_function_type_flag ) {
	

	[bookmark: _Hlk200984708]					cmi_poly_order_minus2
	u(3)

						for( i = 0; i <= cmi_poly_order_minus2 + 2; i++ )
	

							for( c = 0; c < 3; c++ )
	

	[bookmark: _Hlk200984713]							cmi_poly_coeff[ i ][ c ]
	i(32)

					} else {
	

						cmi_num_anchor_points_minus2
	ue(v)

						cmi_num_bits_minus8
	ue(v)

						cmi_uniform_spacing_flag
	u(1)

						if( cmi_uniform_spacing_flag ) {
	

							cmi_min_x
	u(v)

							cmi_delta_x_minus1
	u(v)

						}
	

						for( i = 0; i < cmi_num_anchor_points_minus2 + 2; i++ ) {
	

							if( !cmi_uniform_spacing_flag )
	

								cmi_anchor_point_x[ i ]
	u(v)

							for( c = 0; c < 3; c++ )
	

								cmi_anchor_point_y[ i ][ c ]
	u(v)

						}
	

					}
	

				}
	

			}
	

		}
	

	}
	


8.53.2 Colour mapping information SEI message semantics
The colour mapping information (CMI) SEI message provides information to enable colour mapping of decoded picture luma samples to RGB samples for purposes such as improving human visualization or for indicating that colour mapping had been performed when the source picture was formed. 
Use of this SEI message requires the definition of the following variable:
–	Bit depth BitDepthY for the luma sample array of the input pictures.
cmi_cancel_flag equal to 1 indicates that the CMI SEI message cancels the persistence of any previous CMI SEI message in output order that applies to the current layer. cmi_cancel_flag equal to 0 indicates that CMI follows.
cmi_persistence_flag specifies the persistence of the CMI SEI message for the current layer.
cmi_persistence_flag equal to 0 specifies that the CMI SEI message applies to the current decoded picture only.
cmi_persistence_flag equal to 1 specifies that the CMI SEI message applies to the current decoded picture and persists for all subsequent pictures of the current layer in output order until one or more of the following conditions are true:
–	A new CLVS of the current layer begins.
–	The bitstream ends.
–	A picture in the current layer in an AU associated with a CMI SEI message is output that follows the current picture in output order.
cmi_colour_map_id indicates a colour map identifier, interpreted according to Table X. 
Table X – Interpretation of colour map cmi_colour_map_id
	cmi_colour_map_id
	Description
	Information

	0
	Undefined
	Unknown or undefined

	1
	Jet
	See clause X.X.X.1

	2
	Turbo
	See clause X.X.X.2

	3
	Viridis
	See clause X.X.X.3

	4..127
	Reserved
	For future use by ITU-T | ISO/IEC

	128..255
	Unspecified
	May be used as determined by the application



cmi_name_present_flag equal to 1 specifies that a colour map name string is present in this SEI message. cmi_name_present_flag equal to 0 specifies that no colour map name string is present in this SEI message.
cmi_reserved_zero_5bits shall be equal to 0 in bitstreams conforming to this version of this Specification. The values greater than 0 for cmi_reserved_zero_5bits are reserved for future use by ITU-T | ISO/IEC. Decoders shall also allow values greater than 0 for cmi_reserved_zero_5bits to appear in the bitstream and shall ignore the value of cmi_reserved_zero_5bits.
cmi_colour_map_name specifies a string describing the name of the colour mapping function.
NOTE – The colour map name can be used to identify a specific colour mapping function instead of, or in addition to, a parametric signalling of the colour mapping function. The interpretation of different colour map names is out of the scope of this Specification.
cmi_map_for_display_flag equal to 1 indicates that it is recommended to apply the colour mapping function associated with cmi_colour_map_id to the cropped decoded picture before display. 
cmi_map_for_display_flag equal to 0 indicates that the colour mapping associated with cmi_colour_map_id was applied to the source picture prior to encoding to convert monochrome sample values to three colour component values selected for human visualization. 
cmi_function_present_flag equal to 1 specifies that the colour mapping function associated with cmi_colour_map_id is described in this SEI message. cmi_function_present_flag syntax equal to 0 specifies that the colour mapping function associated with cmi_colour_map_id is determined via external means.
cmi_function_nominal_bitdepth_minus8 plus 8 specifies the nominal decoded picture bit depth used in the specification of the colour mapping function. The value of cmi_function_nominal_bitdepth_minus8 shall be in the range of 0 to 8, inclusive.
The variable nominalBitDepth is set equal to cmi_function_nominal_bitdepth_minus8 + 8.
The variable displayBitDepth is set equal to BitDepthY or determined via external means. 
cmi_function_type_flag equal to 1 indicates that the colour mapping function is signalled in polynomial form. cmi_function_type_flag equal to 0 indicates that the colour mapping function is signalled in piecewise linear form. 
cmi_poly_order_minus2 defines the order of the polynomial representation of the colour mapping function. The value of cmi_poly_order_minus2 shall be in the range of 0 to 7, inclusive.
[bookmark: _Hlk200007713]cmi_poly_ceoff[ i ][ c ] defines the fixed point coefficient of the i-th term in the polynomial representation for the c-th colour component.
When cmi_map_for_display_flag is equal to 1 and cmi_funtion_type_flag is equal to 1, it is recommended to apply the colour mapping function associated with cmi_colour_map_id to each luma sample, decSample, in the current cropped decoded picture, to derive displaySample[ c ] for the display picture, with c in the range of 0..2, as follows:
[bookmark: OLE_LINK1]if( FullRangeFlag )
	inSample = decSample
else
	inSample = ( decSample − ( 16  <<  ( BitDepthY − 8 ) ) ) * ( ( 1  <<  BitDepthY ) − 1 ) 
				/ ( 219  <<  ( BitDepthY − 8 ) )
acc = cmi_poly_coeff[ cmi_poly_order_minus1 + 1 ][ c ]
for( i = cmi_poly_order_minus1; i  >=  0; i− − )
	acc = ( ( inSample  <<  ( 20 − BitDepthY ) ) * acc )  >>  20 ) + cmi_poly_coeff[ i ][ c ]
displaySample[ c ] = Clip3( 0, ( 1  <<  displayBitDepth ) − 1, ( acc + ( 1  <<  ( 19 − displayBitDepth ) ) )
						>>  ( 20 − displayBitDepth ) )
cmi_num_anchor_points_minus2 + 2, when present, specifies the number of anchor points in the colour map lookup table. The value of cmi_num_anchor_points_minus2 shall be in the range of 0 to 2nominalBitDepth − 2, inclusive.
cmi_uniform_spacing_flag, when present, equal to 1 indicates that anchor points are at a uniform x-axis distance from one another. cmi_uniform_spacing_flag equal to 0 indicates that cmi_anchor_point_x[ i ] syntax elements are present.
[bookmark: _Hlk191571217]cmi_num_bits_minus8, when present, plus 8 specifies the length of the cmi_min_x, cmi_delta_x_minus1, cmi_anchor_point_x[ i ] and cmi_anchor_point_y[ i ][ c ] syntax elements in bits. The value of cmi_num_bits_minus8 shall be in the range of 0 to cmi_function_nominal_bitdepth_minus8, inclusive.
cmi_min_x and cmi_delta_x_minus1, when present, are used to infer the values of cmi_anchor_point_x[ i ] for i in the range of 0 .. cmi_num_anchor_points_minus2 + 1. The length of the syntax elements is cmi_num_bits_minus8 + 8 bits.
The value of cmi_min_x + ( cmi_num_anchor_points_minus2 + 1 ) * ( cmi_delta_x_minus1 + 1 ) shall be less than 1  <<  nominalBitDepth.
cmi_anchor_point_x[ i ], when present, specifies the input value of the i-th anchor point. The length of the syntax element is cmi_num_bits_minus8 + 8 bits. When i is greater than 0, the value of cmi_anchor_point_x[ i ] should be greater than cmi_anchor_point_x[ i - 1 ]. When not present and cmi_uniform_spacing_flag equal to 1, the value of cmi_anchor_point_x[ i ] is inferred to be equal to cmi_min_x + i * (cmi_delta_x_minus1 + 1). 
cmi_anchor_point_y[ i ][ c ], when present, specifies the c-th colour component output value of the i-th anchor point, where c equal to 0 indicates red, c equal to 1 indicates green, and c equal to 2 indicates blue. The length of the syntax element is cmi_num_bits_minus8 + 8 bits.
When cmi_map_for_display_flag is equal to 1, it is recommended to apply the colour mapping function associated with cmi_colour_map_id to each luma sample, decSample, in the current cropped decoded picture, to derive displaySample[ c ] for the display picture, with c in the range of 0..2, as follows:
–	If cmi_function_present_flag equal to 0, the colour mapping function is determined by external means.
–	Otherwise (cmi_function_present_flag is equal to 1), displaySample is derived as follows:
if( FullRangeFlag )
	inSample = decSample
else
	inSample = ( decSample − ( 16  <<  ( BitDepthY − 8 ) ) ) * ( ( 1  <<  BitDepthY ) − 1 ) 
				/ ( 219  <<  ( BitDepthY − 8 ) )
inputShift = BitDepthY− nominalBitDepth
outputShift = displayBitDepth − nominalBitDepth
for( i = 0; i < ( cmi_num_anchor_points_minus2 + 2 ); i++ ) {
	scaledAnchorPoint_X[ i ] = ( inputShift  >=  0 ) ? ( cmi_anchor_point_x[ i ]  <<  inputShift ) : 
		( cmi_anchor_point_x[ i ] + ( 1  <<  ( −inputShift − 1 ) ) )  >>  ( −inputShift )
	scaledAnchorPoint_Y[ i ] = (outputShift  >=  0 ) ? ( cmi_anchor_point_y[ i ]  <<  outputShift ) : 
		( cmi_anchor_point_y[ i ] + ( 1  <<  ( −outPutShift − 1) ) )  >>  ( −outputShift)
}
a = −1
anchorPointFoundFlag = 0
for( i = 0; i  <=  cmi_num_anchor_points_minus2  &&  !anchorPointFoundFlag; i++ )
	if( inSample < scaledAnchorPoint_X[ i + 1 ] ) {
		a = i
		anchorPointFoundFlag = 1																								(xx)
	}
if( inSample  <=  scaledAnchorPoint_X[ 0 ] ) {
	displaySample[ c ] = scaledAnchorPoint_Y[ 0 ][ c ]
	displaySample[ c ] = ( displaySample[ c ] * ( 1  <<  displayBitDepth ) + ( 1  <<  ( BitDepthY − 1 ) ) )
						/ ( 1  <<  BitDepthY )
} else if ( a  = =  −1) {
	displaySample[ c ] = scaledAnchorPoint_Y[ cmi_num_anchor_points_minus2 + 1 ][ c ]
	displaySample[ c ] = ( displaySample[ c ] * ( 1  <<  displayBitDepth ) + ( 1  <<  ( BitDepthY − 1 ) ) )
						/ ( 1  <<  BitDepthY )
} else {
	b = scaledAnchorPoint_X [ a + 1 ] − scaledAnchorPoint_X[ a ]
	displaySample[ c ] = ( ( scaledAnchorPoint_Y[ a ][ c ] * b +
	 	( scaledAnchorPoint_Y [ a + 1 ][ c ] − scaledAnchorPoint_Y[ a ][ c ] ) * 
		( inSample − scaledAnchorPoint_X[ a ] ) ) * ( 1  <<  displayBitDepth ) + 
		( 1  <<  ( BitDepthY − 1 ) ) * b ) / ( b * ( 1  <<  BitDepthY) ) 
}
8.53.2.1 Inferences for cmi_colour_map_id equal to 1 (Jet)
This clause applies when cmi_colour_map_id is equal to 1 (Jet).
cmi_function_nominal_bitdepth_minus8 is inferred to be equal to 8.
cmi_function_type_flag is inferred to be equal to 0.
cmi_num_anchor_points_minus2 is inferred to be equal to 4.
cmi_uniform_spacing_flag is inferred to be equal to 0.
cmi_anchor_point_x[ i ] is inferred to be equal to {0, 8191, 24575, 40959, 57343, 65535}.
cmi_anchor_point_y[ i ][ c ] is inferred as specified in Table XX1.
Table XX1 – Specification of inference values of cmi_anchor_point_y[ i ][ c ]
	i
	cmi_anchor_point_y[ i ][ 0 ]
	cmi_anchor_point_y[ i ][ 1 ]
	cmi_anchor_point_y[ i ][ 2 ]

	0
	0
	0
	32767

	1
	0
	0
	65535

	2
	0
	65535
	65535

	3
	65535
	65535
	0

	4
	65535
	0
	0

	5
	32767
	0
	0



8.53.2.1 Inferences for cmi_colour_map_id equal to 2 (Turbo)
This clause applies when cmi_colour_map_id is equal to 2 (Turbo).
cmi_function_type_flag is inferred to be equal to 1.
cmi_poly_order_minus2 is inferred to be equal to 3.
cmi_poly_coeff[ i ][ c ] is inferred as specified in Table XX2.
Table XX2– Specification of inference values of cmi_poly_coeff[ i ][ c ] for cmi_colour_map_id equal to 2 (Turbo)
	i
	cmi_poly_coeff[ i ][ 0 ]
	cmi_poly_coeff [ i ][ 1 ]
	cmi_poly_coeff [ i ][ 2 ]

	0
	142314
	95843
	111855

	1
	4839590
	2300773
	13256041

	2
	−44732590
	5078219
	−63524882

	3
	138549482
	−14874086
	115723750

	4
	−160371724
	4485073
	−94270243

	5
	62166275
	2967015
	28676718



8.53.2.1 Inferences for cmi_colour_map_id equal to 3 (Viridis)
This clause applies when cmi_colour_map_id is equal to 3 (Viridis).
cmi_function_type_flag is inferred to be equal to 1.
cmi_poly_order_minus2 is inferred to be equal to 4.
cmi_poly_coeff[ i ][ c ] is inferred as specified in Table XX3.

Table XX3– Specification of inference values of cmi_poly_coeff[ i ][ c ] for cmi_colour_map_id equal to 3 (Viridis)
	i
	cmi_poly_coeff[ i ][ 0 ]
	cmi_poly_coeff [ i ][ 1 ]
	cmi_poly_coeff [ i ][ 2 ]

	0
	291218
	5670
	350329

	1
	110198
	1472844
	1451848

	2
	−346934
	225284
	99715

	3
	−4859343
	−6080798
	−20271534

	4
	6530814
	14868738
	59444353

	5
	5008403
	−14412830
	−68527622

	6
	−5699489
	4871530
	27590588




Add clause 8.54 Resolution nesting SEI message
8.54 Resolution nesting SEI message
8.54.1 Resolution nesting SEI message syntax
The resolution nesting SEI message provides a mechanism to associate SEI messages with a picture resolution determined by content creators artistic intent which may be higher than the coded picture resolution. The contained SEI messages in the resolution nesting SEI message are to be applied after resampling the coded picture to the specified resolution.
When the processing is to be carried out on the uncropped decoded picture (e.g. FGC SEI message), additional conformance window information is included in the resolution nesting SEI message to allow conformance window cropping of the resampled and processed picture.
A resolution nesting SEI message contains one or more SEI messages. The SEI messages contained in the resolution nesting SEI message are also referred to as the resolution-nested SEI messages.

	[bookmark: _Hlk141358941]resolution_nesting( payloadSize ) {
	Descriptor

		rn_pic_width_in_luma_samples
	u(16)

		rn_pic_height_in_luma_samples
	u(16)

		rn_resample_uncropped_picture_flag
	u(1)

		if (rn_resample_uncropped_picture_flag) {
	

			rn_post_resample_conformance_window_present_flag
	u(1)

			rn_alignment_zero_6bits
	u(6)

			if (rn_post_resample_conformance_window_present_flag) {
	

				rn_conf_win_left_offset
	u(16)

				rn_conf_win_right_offset
	u(16)

				rn_conf_win_top_offset
	u(16)

				rn_conf_win_bottom_offset
	u(16)

		} else
	

			rn_alignment_zero_7bits
	u(7)

		rn_num_seis_minus1
	u(8)

		for( i = 0; i  <=  rn_num_seis_minus1; i++ )
	

			sei_rn_nested_message( )
	

	}
	


8.54.2 Resolution nesting SEI message semantics
rn_pic_width_in_luma_samples specifies the picture width in luma samples at which the resolution-nested SEI messages are to be applied. It is a requirement of bitstream conformance that rn_pic_width_in_luma_samples is greater than or equal to pps_pic_width_in_luma_samples.
The value of rn_pic_width_in_luma_samples % SubWidthC shall be eqaul to 0.
rn_pic_height_in_luma_samples specifies the picture height in luma samples at which the resolution-nested SEI messages are to be applied. It is a requirement of bitstream conformance that rn_pic_height_in_luma_samples is greater than or equal to pps_pic_height_in_luma_samples.
The value of rn_pic_height_in_luma_samples % SubHeightC shall be eqaul to 0.
rn_resample_uncropped_picture_flag equal to 0 specifies that the nested SEI is to be applied to the result of reampling the cropped decoded picture. rn_resample_uncropped_picture_flag equal to 1 specifies that the resolution-nested SEI messages are to be applied to the result of reampling the uncropped decoded picture. 
rn_post_resample_conformance_window_present_flag equal to 0 specifies that the RN SEI message does not contain additional conformance window offsets. rn_post_resample_conformance_window_present_flag equal to 1 specifies that the RN SEI message does contain additional conformance window offsets to be applied to the resampled picture sample array.
rn_alignment_zero_6bits is equal to 0.
rn_conf_win_left_offset, rn_conf_win_right_offset, rn_conf_win_top_offset, and rn_conf_win_bottom_offset specify the offsets of the conformance windows that is applied to the samples of the resampled pictures in the CLVS that are output from the decoding process and resampled, in terms of a rectangular region specified in picture coordinates for output. It is requirement of bitstream conformance that two RN SEIs in a CLVS (i.e. refering to the same SPS) with equal values of rn_pic_width_in_luma_samples and rn_pic_height_ in_luma_samples, respectively, the two RN SEIs shall have equal values of rn_conf_win_left_offset, rn_conf_win_right_offset, rn_conf_win_top_offset, and rn_conf_win_bottom_offset, respectively.
The value of SubWidthC * ( rn_conf_win_left_offset + rn_conf_win_right_offset ) shall be less than rn_pic_width_ in_luma_samples, and the value of SubHeightC * ( rn_conf_win_top_offset + rn_conf_win_bottom_offset ) shall be less than rn_pic_height_ in_luma_samples.
rn_alignment_zero_7bits shall be equal to 0.
rn_num_seis_minus1 plus 1 specifies the number of resolution-nested SEI messages.

Add the following to Table 4 subclause 8.1 

	SEI message
	Persistence scope

	...
	...

	Resolution nesting
	Depending on the resolution-nested SEI messages. Each resolution-nested SEI message has the same persistence scope as if the SEI message was not resolution-nested



Modify subclause 8.5.2 as highlighted
[…]
Use of this SEI message requires the definition of the following variables:
–	A picture width and picture height in units of luma samples, denoted herein by PicWidthInLumaSamples and PicHeightInLumaSamples, respectively.
–	When the syntax element fg_separate_colour_description_present_flag of the film grain characteristics SEI message is equal to 0, the following additional variables:
–	A chroma format indicator, denoted herein by ChromaFormatIdc, as described in clause 7.3.
–	A bit depth for the samples of the luma component, denoted herein by BitDepthY, and when ChromaFormatIdc is not equal to 0, a bit depth for the samples of the two associated chroma components, denoted herein by BitDepthC.
–	An upsampling indication flag, denoted herein by UpsamplingInferredFlag.
–	When UpsamplingInferredFlag is equal to 1, Upsampled picture width and picture height variables in units of luma samples, denoted herein by UpsampledPicWidthInLumaSamples and UpsampledPicHeightInLumaSamples.
When a value of UpsamplingInferredFlag is not specified by the technical specifications that references this Specification, its value may be inferred to be equal to 0.
The variables fgPicWidth and fgPicHeight are derived as follows:
–	If UpsamplingInferredFlag is equal to 0, fgPicWidth and fgPicHeight are set equal to PicWidthInLumaSamples and PicHeightInLumaSamples, respectively.
–	Otherwise, fgPicWidth and fgPicHeight are set equal to UpsampledPicWidthInLumaSamples and UpsampledPicHeightInLumaSamples, respectively.
The film grain models specified in the film grain characteristics SEI message are expressed for application to decoded pictures that have 4:4:4 colour format and a width of fgPicWidth and height of fgPicHeight with luma and chroma bit depths corresponding to the luma and chroma bit depths of the film grain model and use the same colour representation domain as the identified film grain model. When the colour format of the decoded video is not 4:4:4 or the decoded video uses a different width or height or a different luma or chroma bit depth from that of the film grain model or uses a different colour representation domain from that of the identified film grain model, an unspecified conversion process is expected to be applied to convert the decoded pictures to the form that is expressed for application of the film grain model.
Replace PicWidthInLumaSamples and PicHeightInLumaSamples with fgPicWidth and fgPicHeight were used within subclause 8.5.2.

Add the following line General SEI payload syntax in subclause D.2.1: 
	sei_payload( payloadType, payloadSize ) {
	Descriptor

	...
	

		else if( payloadType = = XXX ) /* Specified in Rec. ITU-T H.274 | ISO/IEC 23002-7 */
	

			resolution_nesting( payloadSize)
	



Modify subclause D.12.2 as highlighted
D.12.2 Use of the film grain characteristics SEI message
For purposes of interpretation of the film grain characteristics SEI message, the following variables are specified:
If the film grain characteristics SEI message is not applied as part of a processing chain indicated by an SEI processing order SEI message or is applied as the first processing step of the processing chain indicated by an SEI processing order SEI message, the following applies:
–	PicWidthInLumaSamples and PicHeightInLumaSamples are set equal to pps_pic_width_in_luma_samples and pps_pic_height_in_luma_samples, respectively.
–	ChromaFormatIdc is set equal to sps_chroma_format_idc.
–	BitDepthY and BitDepthC are both set equal to BitDepth.
[bookmark: _Hlk160253822]–	UpsamplingInferredFlag is set to 1 when the film grain characteristics SEI message is carried as a resolution-nested SEI message in a resolution nesting SEI message, otherwise UpsamplingInferredFlag is set to 0.
–	When UpsamplingInferredFlag is equal to 1, UpsampledPicWidthInLumaSamples is set equal to rn_pic_width_in_luma_samples and UpsampledPicHeightInLumaSamples is set equal to rn_pic_height_in_luma_samples.
[bookmark: _Hlk160253794]Otherwise (the film grain characteristics SEI message is applied as the second or a later processing step of the processing chain indicated by an SEI processing order SEI message), prevPic is a picture resulting from the previous processing step of the processing chain indicated by the SEI processing order SEI message, and the following applies:
–	PicWidthInLumaSamples and PicHeightInLumaSamples are set equal to the picture width and picture height of prevPic, respectively.
–	ChromaFormatIdc is set equal to the picture chroma format indicator of prevPic.
–	BitDepthY and BitDepthC are set equal to the luma bit depth and chroma bit depth of prevPic, respectively.
–	UpsamplingInferredFlag is set equal to 0.

Add clause 8.55 Auxiliary sampling alignment information SEI message
8.55 Auxiliary sampling alignment informatio SEI message
8.55.1 Auxiliary sampling alignment informatio SEI message syntax

	auxiliary_sampling_alignment_information( payloadSize ) {
	Descriptor

		asai_cancel_flag
	u(1)

		if( !asai_cancel_flag ) {
	

			asai_persistence_flag
	u(1)

	[bookmark: _Hlk200572309]		asai_simple_alignment_flag
	u(1)

			if( asai_simple_alignment_flag ) {
	

				asai_aux_log2_ratio_hor
	u(3)

				asai_aux_log2_ratio_ver
	u(3)

				asai_hor_centered_flag
	u(1)

				asai_ver_centered_flag
	u(1)

				asai_cropping_flag
	u(1)

				if( asai_cropping_flag ) {
	

					asai_offset_params_len_minus1
	u(4)

					asai_top_offset 
	u(v)

					asai_left_offset 
	u(v)

				}
	

			} else {
	

	[bookmark: _Hlk200572399]			asai_affine_transform_six_params_flag
	u(1)

				asai_affine_params_len_minus1
	u(4)

				asai_affine_translation_x_abs
	u(v)

				if(asai_affine_translation_x_abs )
	

	[bookmark: _Hlk200117227]				asai_affine_translation_x_sign_flag
	u(1)

				asai_affine_translation_y_abs
	u(v)

				if(asai_affine_translation_y_abs )
	

					asai_affine_translation_y_sign_flag
	u(1)

				asai_affine_scale_x_abs
	u(v)

				if( asai_affine_scale_x_abs )
	

					asai_affine_scale_x_sign_flag
	u(1)

				asai_affine_scale_y_abs
	u(v)

				if( asai_affine_scale_y_abs )
	

					asai_affine_scale_y_sign_flag
	u(1)

				if( asai_affine_transform_six_params_flag) {
	

					asai_affine_rotation_x_abs
	u(v)

					if( asai_affine_rotation_x_abs )
	

						asai_affine_rotation_x_sign_flag
	u(1)

					asai_affine_rotation_y_abs
	u(v)

					if( asai_affine_rotation_y_abs )
	

						asai_affine_rotation_y_sign_flag
	u(1)

				}
	

			}
	

		}
	



8.55.2 Auxiliary sampling alignment informatio SEI message semantics
An auxiliary sampling alignment information (ASAI) SEI message may provide parameters used to associate location and format subsampling for an auxiliary picture and respective parameters of the primary picture. 
When both an ASAI SEI message and an SDI SEI message are present in the current CVS, the following constraints apply:
· the SDI SEI message shall precede the ASAI SEI message in decoding order in the current CVS. 
· the ASAI SEI message shall be present in a PU with layer identifier equal to sdi_layer_id[ lIdx ] such that sdi_aux_id[ lIdx ] is greater than 0.
Use of this SEI message requires the definition of the following variables: a current picture width and picture height in units of luma samples, denoted herein by AuxPicWidthInLumaSamples and AuxPicHeightInLumaSamples, respectively, a chroma format indicator, denoted herein by ChromaFormatIdc, and a primary picture width and picture height in units of luma samples, denoted herein by PrimaryPicWidthInLumaSamples and PrimaryPicHeightInLumaSamples, respectively.
When an ASAI SEI message is present for any picture of a CLVS of a particular layer and the first picture of the CLVS is an IRAP picture, an ASAI SEI message shall be present for that IRAP picture. The ASAI SEI message persists for the current layer in decoding order from the current picture until the end of the CLVS. All ASAI SEI messages that apply to the same CLVS shall have the same content.
When an ASAI SEI message is present for a picture of a CLVS of a particular layer and the first picture of the CLVS is an IRAP picture, but there is no SEI message of the same type present for that IRAP picture, a decoder should process the ASAI SEI message as if an SEI message of the same type were present for that IRAP picture with the same content as the present ASAI SEI message.
asai_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of any ASAI SEI message in output order that applies to the current layer. Further, an asai_cancel_flag equal to 0 indicates that auxiliary sampling format information follows.
The location and sampling format information applies to the current picture and all subsequent pictures in the same layer in output order until one or more of the following conditions are true: a new CLVS of the current layer begins, the bitstream ends, and a picture in the current layer in a PU containing a ASAI SEI message with asai_cancel_flag equal to 1 is output that follows the current picture in output order.
asai_persistence_flag specifies the persistence of the auxiliary sampling alignment information SEI message for the current layer. Additionally, an asai_persistence_flag equal to 0 specifies that the auxiliary sampling alignment information SEI message applies to the current decoded auxiliary picture only. Alternatively, an asai_persistence_flag equal to 1 specifies that the auxiliary sampling alignment information SEI message applies to current decoded auxiliary picture and persists all subsequent auxiliary pictures of the current layer in output order until one or more of the following conditions are true: a new CLVS of the current layer begins, the bitstream ends, and an auxiliary picture in the current layer in an AU associated with an auxiliary sampling alignment information SEI message is output that follows the current auxiliary picture in output order.
asai_simple_alignment_flag equal to 1 indicates that the auxiliary picture sample grid is aligned with the primary picture grid. When not present the value of the asai_simple_alignment_flag is set to be equal to 1.
asai_aux_log2_ratio_hor indicates the sampling granularly ratio between the luma grid of the auxiliary picture sample grid and the luma grid of its primary picture in horizontal direction. When not present the asai_aux_log2_ratio_hor is set to be equal to 0. The variable auxSamplingHor is derived as follows:
	auxSamplingHor = 1  <<  asai_aux_log2_ratio_hor
asai_aux_log2_ratio_ver indicates the sampling granularly ratio between luma grid of the auxiliary picture sample grid and the luma grid of its primary picture in vertical direction. When not present the asai_aux_log2_ratio_ver is set to be equal to 0.
The variable auxSamplingVer is derived as follows:
	auxSamplingVer = 1  <<  asai_aux_log2_ratio_ver
asai_hor_centered_flag equal to 1 indicates that the location of the luma sample of the auxiliary picture is centered relative to the luma sample of the primary picture in horizontal direction. Alternatively, an asai_hor_centered_flag equal to 0 indicates the luma sample of the auxiliary picture is co-located with the top left luma sample of the primary picture in horizontal direction.
The variable xAuxSampleOffset is derived as follows, for each colour component in the auxiliary picture.
	xAuxSampleOffset = asai_hor_centered_flag ? auxSamplingHor / 2 − 0.5 : 0
asai_ver_centered_flag equal to 1 indicates that the location of the luma sample of the auxiliary picture is centered relative to the luma sample of the primary picture in vertical direction. Alternatively, an asai_ver_centered_flag equal to 0 indicates the luma sample of the auxiliary picture is co-located with the top left luma sample of the primary picture in vertical direction. 
The variable yAuxSampleOffset is derived as follows, for each colour component in the auxiliary picture:
	yAuxSampleOffset = asai_ver_centered_flag ? auxSamplingVer / 2 − 0.5 : 0
asai_cropping_flag equal to 1 indicates that the asai_offset_params_len_minus1, asai_top_offset, and asai_left_offset syntax elements are present. Alternatively, asi_cropping_flag equal to 0 indicates that the asai_offset_params_len_minus1, asai_top_offset, and asai_left_offset syntax elements are not present. 
asai_offset_params_len_minus1 plus 1 indicates the length of the asai_top_offset and asai_left_offset syntax elements. Additionally, or alternatively, asai_top_offset and asai_left_offset specify the top and left cropping offsets, respectively, of the primary picture samples for which corresponding samples are present in the auxiliary picture. When not present, the values of asai_top_offset and asai_left_offset are inferred to be equal to 0.
asai_affine_transform_six_params_flag equal to 0 indicates that the affine transform has 4 components allowing scaling and translation transformation of the auxiliary picture sampling grid. asai_affine_transform_six_params_flag equal to 1 indicates that the affine transform has 6 components allowing scaling, translation, and rotation transformation of the auxiliary picture sampling grid. When not present the asai_affine_transform_six_params_flag is inferred to be equal to 0.
asai_affine_params_len_minus1 plus 1 indicates the length of the asai_affine_translation_x_abs, asai_affine_translation_y_abs, asai_affine_scale_x_abs, asai_affine_scale_y_abs, asai_affine_rotation_x_abs, and asai_affine_rotation_y_abs syntax elements.
asai_affine_translation_x_abs and asai_affine_translation_y_abs specify the horizontal and vertical translation component of the affine transform model. When not present the asai_affine_translation_x_abs and asai_affine_translation_y_abs are set to be equal to 0. The asai_affine_translation_x_abs and asai_affine_translation_y_abs shall be in the range of 0 to 1 << asai_affine_params_len_minus1 inclusive.
asai_affine_translation_x_sign_flag and asai_affine_translation_y_sign_flag specify the sign of the horizontal and vertical translation component of the affine transform model. When not present the asai_affine_translation_x_sign_flag and asai_affine_translation_y_sign_flag are inferred to be equal to 1.
The variables tX and tY are derived as follows, for each colour component in the auxiliary picture.
	tX = ( 1 − 2 * asai_affine_translation_x_sign_flag ) * ( asai_affine_translation_x_abs ÷
			( 1  <<  asai_affine_params_len_minus1 + 1 ) )
	tY = ( 1 − 2 * asai_affine_translation_y_sign_flag ) * ( asai_affine_translation_y_abs ÷
			( 1  <<  asai_affine_params_len_minus1 + 1) )
asai_affine_scale_x_abs and asai_affine_scale_y_abs specify the horizontal and vertical scaling component of the affine transform model. When not present the asai_affine_scale_x_abs and asai_affine_scale_y_abs are inferred to be equal to 1  <<  asai_affine_params_len_minus1 + 1.The asai_affine_scale_x_abs and asai_affine_scale_y_abs shall be in the range of 0 to 1 << asai_affine_params_len_minus1 inclusive.
asai_affine_scale_x_sing_flag and asai_affine_scale_y_sign_flag specify the sign of the horizontal and vertical scale component of the affine transform model. When not present the asai_affine_scale_x_sign_flag and asai_affine_scale_y_sign_flag are inferred to be equal to 1.
The variables sX and sY are derived as follows, for each colour component in the auxiliary picture:
	sX = ( 1 − 2 * asai_affine_scale_x_sign_flag ) * ( asai_affine_scale_x_abs ÷
			( 1  <<  asai_affine_params_len_minus1 + 1 ) )
	sY = ( 1 − 2 * asai_affine_scale_y_sign_flag ) * ( asai_affine_scale_y_abs ÷
			( 1  <<  asai_affine_params_len_minus1 + 1 ) )
asai_affine_rotation_x_abs and asai_affine_rotation_y_abs specify the horizontal and vertical rotation component of the affine transform model. When not present the asai_affine_rotation_x_abs and asai_affine_rotation_y_abs are inferred to be equal to 0. The asai_affine_rotation_x_abs and asai_affine_rotation_y_abs shall be in the range of 0 to 1  <<  asai_affine_params_len_minus1 inclusive.
asai_affine_rotation_x_sign_flag and asai_affine_rotation_y_sign_flag specify the sign of the horizontal and vertical rotation component of the affine transform model. When not present the asai_affine_rotation_x_sign_flag and asai_affine_rotation_y_sign_flag are inferred to be equal to 1.
The variables rX and rY are derived as follows, for each colour component in the auxiliary picture:
	rX = ( 1 − 2 * asai_affine_rotation_x_sign_flag ) * ( asai_affine_rotation_x_abs ÷
			( 1  <<  asai_affine_params_len_minus1 + 1 ) )
	rY = ( 1 − 2 * asai_affine_rotation_y_sign_flag ) * ( asai_affine_rotation_y_abs ÷
			( 1  <<  asai_affine_params_len_minus1 + 1 ) )
When the value of the asai_simple_alignment_flag is equal to 1, the variables xAuxPicOffset and yAuxPicOffset are derived as follows, for each colour component in the auxiliary picture:
	xAuxPicOffset = asai_left_offset
	yAuxPicOffset = asai_top_offset
Let PrimaryPic be the primary picture associated with the current auxiliary picture. The corresponding location (primaryX, primaryY) in PrimaryPic of an (auxX, auxY) sample in the auxiliary picture is derived as follows:
	primaryX = auxX * auxSamplingHor + asai_left_offset + xAuxSampleOffset
	primaryY = auxY * auxSamplingVer + asai_top_offset + yAuxSampleOffset
It is a requirement of bitstream conformance that ( Floor( primaryX + 0.5 ), Floor( primaryY + 0.5 ) ) shall be a sample position present in PrimaryPic. Additionally, it is a requirement of bitstream conformance that primaryX shall be less than PrimaryPicWidthInLumaSamples and primaryY shall be less than PrimaryPicHeightInLumaSamples.
When the value of the asai_simple_alignment_flag is equal to 0, the corresponding location ( primaryX, primaryY ) in PrimaryPic of an ( auxX, auxY ) sample in the auxiliary picture is derived as follows:



It is a requirement of bitstream conformance that primaryX shall be within the range 0 to PrimaryPicWidthInLumaSamples, inclusive, and primaryY shall be within the range 0 to PrimaryPicHeightInLumaSamples, inclusive.

Add clause 8.56 Localization and mapping SEI message
8.56 Localization and mapping SEI message
8.56.1 Localization and mapping SEI message syntax

	localization_and_mapping( payloadSize ) {
	Descriptor

		lam_camera_id
	u(10)

		lam_cancel_flag
	u(1)

		if( !lam_cancel_flag ) {
	

			lam_persistence_flag
	u(1)

			lam_intrinsic_param_presence_flag
	u(1)

			if( lam_intrinsic_param_presence_flag ) {
	

				lam_camera_model_presence_flag
	u(1)

				if( lam_camera_model_presence_flag ) {
	

					lam_camera_model
	u(7)

					lam_principal_point_x_times100
	u(16)

					lam_principal_point_y_times100
	u(16)

					if( lam_camera_model  = =  0 )  | |  ( lam_camera_model  = =  2 )
	

						lam_focal_length_times100
	u(32)

					if( lam_camera_model  = =  1 )  | |  ( lam_camera_model  = =  3 ){
	

						lam_focal_length_x_times100
	u(32)

						lam_focal_length_y_times100
	u(32)

					}
	

					if( lam_camera_model  = =  2 )
	

						lam_rd_poly3_k1
	fl(16)

					if( lam_camera_model  = =  3 ) {
	

						lam_rd_poly5_k1
	fl(16)

						lam_rd_poly5_k2
	fl(16)

					}
	

					if( lam_camera_model  = =  4) {
	

						lam_rd_angle_poly_order_minus4
	u(4)

						for( i = 0; i < lam_rd_angle_ poly_order_minus4+4; i++ )
	

							lam_rd_angle_poly[ i ]
	fl(16)

					}
	

				}
	

			}
	

			lam_extrinsic_param_presence_flag
	u(1)

			if( lam_extrinsic_param_presence_flag ) {
	

				lam_coordinate_system_idc
	u(4)

				if ( lam_coordinate_system_idc  = =  2 )
	

					lam_camera_right_handed_flag
	u(1)

				lam_rotation_presence_flag
	u(1)

				if( lam_rotation_presence_flag ) {
	

					lam_rotation_format_idc
	u(2)

					if( lam_rotation_format_idc  = =  0 ) {
	

						lam_quaternion_scalar_first_flag
	u(1)

						for( i = 0; i < 3; i++ )
	

	[bookmark: _Hlk197427237]						lam_quaternion [ i ]
	fl(32)

					}
	

					if( lam_rotation_format_idc  = =  1)
	

						for( j = 0; j < 3; j++ ) /* row */
	

							for( k = 0; k < 3; k++ ) /* column */
	

									lam_rotation[ j ][ k ]
	fl(32)

					if( lam_rotation_format_idc  = =  2 ) {
	

						lam_euler_rotation_ccw_flag
	u(1)

						for( i = 0; i < 3; i++ )
	

							lam_euler_rotation[ i ]
	fl(32)

					}
	

				}
	

				lam_translation_presence_flag
	u(1)

				if( lam_translation_presence_flag ) {
	

					for( j = 0; j < 3; j++ ) {
	u(1)

						lam_translation[ j ]
	i(16)

					}
	

				}
	

			}
	

			lam_content_features_presence_flag
	u(1)

			if( lam_content_features_presence_flag ) {
	

				lam_content_near_depth
	u(16)

				lam_content_far_depth
	u(16)

			}
	

		}
	

	}
	


8.56.2 Localization and mapping SEI message semantics
The localization and mapping SEI message provides information related to the camera intrinsic and extrinsic parameters necessary to reconstruct a 3d model by for example creating a corresponding point cloud or assisting the rendering process of the 3d model.
Use of this SEI message requires the definition of the following variables: 
· a A current picture width and picture height in units of luma samples, denoted herein by PicWidthInLumaSamples and PicHeightInLumaSamples, respectively.
lam_camera_id indicates the identifier of the camera for which the localization and mapping parameters apply.
lam_cancel_flag equal to 1 indicates that the SEI message cancels the persistence of any previous localization and mapping SEI message with the same lam_camera_id as the current SEI message in output order. lam_cancel_flag equal to 0 indicates that localization and mapping parameters follow.
lam_persistence_flag specifies the persistence of the localization and mapping SEI message for the current layer.
lam_persistence_flag equal to 0 specifies that the localization and mapping SEI message applies to the current decoded picture only.
lam_persistence_flag equal to 1 specifies that the localization and mapping SEI message applies to the current decoded picture and persists for all subsequent pictures of the current layer in output order until one or more of the following conditions are true:
· A new CLVS of the current layer begins.
· The bitstream ends.
· A picture in the current layer in an AU associated with a localization and mapping SEI message with the same value of lam_camera_id is output that follows the current picture in output order.
lam_intrinsic_param_presence_flag equal to 1 indicates that the intrinsic camera parameters syntax elements are present in the localization and mapping SEI message syntax. lam_intrinsic_param_presence_flag equal to 0 indicates that the intrinsic camera parameters syntax elements are not present in the localization and mapping SEI message syntax and unknown.
lam_camera_model_presence_flag equal to 1 indicates that the model of the camera is present in the localization and mapping SEI message syntax. lam_camera_model_presence_flag equal to 0 indicates that the model of the camera is not present in the localization and mapping SEI message syntax and is inferred to be SIMPLE_PINHOLE.
lam_camera_model identifies the type of camera model as specified in Table 1. The value of lam_camera_model shall be in the range of 0 to 4, inclusive. The values greater than 4 are reserved for future use by ITU‑T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders shall ignore localization and mapping SEI messages with lam_camera_model greater than 4.
Table 1 – lam_camera_model

	Value
	Description

	0
	SIMPLE_PINHOLE

	1
	PINHOLE

	2
	SIMPLE_RADIAL

	3
	RADIAL

	4
	ANGLE_POLYNOMIAL


lam_principal_point_x_times100 indicates 100 times the horizontal coordinate of the principal point in luma sample units.
When not present, lam_principal_point_x_times100 is inferred to be 100*PicWidthInLumaSamples /2.
lam_principal_point_y_times100 indicates 100 times the vertical coordinate of the principal point in luma sample units.
When not present, lam_principal_point_y_times100 is inferred to be 100*PicHeightInLumaSamples /2.
lam_focal_length_x_times100, when present, indicates 100 times the horizontal scaling factor of the focal length expressed in pixel unit and corresponds to:
fx = (focal_length in mm/sensor_width in mm)*image_width in pixel.	(X-1)
lam_focal_length_y_times100, when present, indicates 100 times the vertical scaling factor of the focal length expressed in pixel unit and corresponds to:
fy = 100*(focal_length in mm/sensor_height in mm)*image_height in pixel.	(X-2)
lam_focal_length_times100, when present, indicates 100 times the scaling factor of the focal length expressed in pixel unit.
NOTE – In practice the focal length may be approximated as (fx+fy)/2.
When lam_camera_model equals to 2 the polynomial 3rd order (Poly3) model is specified as 
rd = ru * ( 1 − k1 + k1 * ru * ru )		(X-3)
with rd referring to the distorted radius (normalized distance to image center), ru referring to the corrected undistorted radius, and k1 being the distortion coefficient.
lam_rd_poly3_k1 indicates the value of the k1 parameter from the Poly3 radial distortion model, in a floating point format, from equation (X-3). When not present, the value of lam_rd_poly3_k1 is inferred to be equal to 0.
When lam_camera_model equals to 3 the polynomial 5th (Poly5) order model is specified as 
rd = ru * ( 1 − k1 * ru * ru + k2 * ru * ru* ru* ru )		(X-4)
with rd referring to the distorted radius (normalized distance to image center), ru referring to the corrected undistorted radius, and k1 and k2 being the distortion coefficients.
lam_rd_poly5_k1 indicates the value of the k1 parameter from the Poly5 radial distortion model, in a floating point format, from equation (X-4). When not present, the value of lam_rd_poly5_k1 is inferred to be equal to 0.
lam_rd_poly5_k2 indicates the value of the k2 parameter from the Poly5 radial distortion model, in a floating point format, from equation (X-4). When not present, the value of lam_rd_poly5_k2 is inferred to be equal to 0.
When lam_camera_model equals to 4 a polynomial n-th order model specifies a mapping from the angle theta, in degrees, to the radius in pixels is specified as
		(X-5)
With theta is the angle of incidence with respect to the optical axis and r is the distance between the image center and projected point, and ki for i in the range 0 to 3. 
lam_rd_angle_poly_order_minus4 plus 4 indiates the order of the polynomial defining the distortion model, the value of n in (X-5), The value of lam_rd_angle_poly_num_coefficients_minus4 shall be in the range 0 to 8 inclusive.
[bookmark: _Hlk226553330]lam_rd_angle_poly[ i ] for i in the range 0 to lam_rd_angle_ poly_order_minus4+3 specifies the value of the (i+1)th radial distortion coefficient ki+1 used in equation (X-5). 
lam_extrinsic_param_presence_flag equal to 1 indicates that the extrinsic camera parameters syntax elements are present in the localization and mapping SEI message syntax. lam_extrinsic_param_presence_flag equal to 0 indicates that the extrinsic camera parameters syntax elements are not present in the localization and mapping SEI message syntax and unknown.
lam_coordinate_system_idc indicator of coordinate system used according to Table 2. The value of lam_coordinate_system_idc shall be in the range of 0 to 2, inclusive. The values greater than 2 are reserved for future use by ITU‑T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders shall ignore localization and mapping SEI messages with lam_coordinate_system_idc greater than 2.

[bookmark: _Ref197417992]Table 2 – lam_coordinate_system_idc
	Value
	Description

	0
	Undefined

	1
	ISO 8855 vehicle centric

	2
	Camera centric

	3-15
	Reserved



lam_camera_right_handed_flag equal to 1 indicates that the camera axis system used to create the source content uses a right handed coordinate system. lam_camera_right_handed_flag equal to 0 indicates that the camera axis system used to create the source content uses a left handed camera axis system.
The right handed camera axis system (XC, YC, ZC) axis system fixed in the reference frame of the optical center of the camera lens so that the XC axis is substantially horizontal and is perpendicular to the camera’s longitudinal plane of symmetry and points to the right, and the YC axis pointing downwards, with the ZC axis pointing outward from the camera, perpendicular to the image plane.
The left handed camera axis system (XC, YC, ZC) axis system fixed in the reference frame of the optical center of the camera lens so that the XC axis is substantially horizontal and is perpendicular to the camera’s longitudinal plane of symmetry and points to the right, and the YC axis pointing upwards, with the ZC axis pointing outward from the camera, perpendicular to the image plane.
lam_rotation_presence_flag equal to 1 indicates that the rotation parameters of the camera are present in the localization and mapping SEI message syntax. lam_rotation_presence_flag equal to 0 indicates that the rotation parameters of the camera are not present in the localization and mapping SEI message syntax and are unknown.
When lam_rotation_presence_flag is equal to 1, the rotation of the camera orientation expressed in the indicated coordinate system is signaled.
lam_rotation_format_idc indicates the format used to describe the rotation according to Table 3. The value 3 of lam_rotation_format_id is reversed for future use by ITU T | ISO/IEC and shall not be present in bitstreams conforming to this version of this Specification. Decoders shall ignore the SEI messages with lam_rotation_format_id equal to 3.
Table 3 – lam_rotation_format_icd
	Value
	Description

	0
	Quaternions

	1
	3x3 rotation matrix

	2
	Euler angles

	3
	Reserved



When the value of lam_rotation_format_id equals to 0, the rotation is specified by a unit quaternion.
lam_quaternion_scalar_first_flag indicates order of transmission of quaternion component values.  lam_quaternion_scalar_first_flag equal to 0 indicates the scalar component last i.e. xyzw  lam_quaternion_scalar_first_flag equal to 1 indicates the scalar component is first i.e. wxyz.
[bookmark: _Hlk196998424]lam_quaternion[ i ] specifies the value of i-th quaternion component in a floating point format, for i in the range 0 to 2 inclusive specifies the value of value of the i-th quaternion component qi. The value of the lam_quaternion[ i ] shall be in range of [-1.0, 1.0].
The fourth quaternion component q3 is reconstructed from the three quaternion values as follows

NOTE – Quaternions (q0,q1,q2,q3) and (-q0,-q1,-q2,-q3) represent the same 3D rotation so an encoder can always select the quaternion to signal with nonnegative  component by negating all components as needed.
The parameters of the bitstream shall be such that 

[bookmark: _Hlk196994648]When the value of lam_rotation_format_id equals to 1, the rotation is specified by a 3x3 rotation matrix.
lam_rotation[ j ][ k ] specifies the value of ( j, k ) element of the rotation matrix in a floating point format. The value of the lam_rotation[ j ][ k ] shall be in range of [-1.0, 1.0].
The rotation matrix R is represented as follows:
		(X-6)
Where each element rE[j][k] equals lam_rotation[ j ][ k ] 

When the value of lam_rotation_format_id equals to 2, the rotation is specified by a three angle parameters.
lam_euler_rotation_ccw_flag when equal to 0 specifies a rotation direction associated with the Euler rotation angle is clockwise, when lam_euler_rotation_ccw_flag is equal to 1 the rotation direction associated with the Euler rotation angle is counter clockwise. 
lam_euler_rotation[ i ] specifies the value of the i-th element associated with the Euler rotation angle, in a floating point format, the length of the syntax element is LamParamLen bits, as determined by Table X. : The following rotation order is applied staring with rotation over Z axis, followed by rotation over Y axis, ending with rotation over X axis. The value of the lam_euler_rotation[ i ] shall be in range of [-1.0, 1.0].
	RotationZ = 180 * lam_euler_rotation[ 0 ] (Rotation over Z axis (Vertical))
	RotationY = 90 * lam_euler_rotation[ 1 ] (Rotation over Y axis (Transversal)
	RotationX = 180* lam_euler_rotation[ 2 ] (Rotation over X axis (Sagittal))
NOTE: A rotation represented by a quaternion can be equivalently expressed using a rotation matrix or Euler angles. These representations are mathematically interchangeable and may be used depending on the application requirements.
lam_translation_presence_flag equal to 1 indicates that the translation parameters of the camera are present in the localization and mapping SEI message syntax. lam_translation_presence_flag equal to 0 indicates that the translation parameters of the camera are not present in the localization and mapping SEI message syntax and are unknown.
lam_translation[i] indicates the ith component of translation vector, in millimeters, relative to origin of coordinate system specified by lam_coordinate_system_idc.
lam_content_features_presence_flag equal to 1 indicates that the parameters describing the content of the picture are present in the localization and mapping SEI message syntax. lam_content_features_presence_flag equal to 0 indicates that the parameters describing the content of the picture are not present in the localization and mapping SEI message syntax and are unknown.
lam_content_near_depth indicates the minimum distance from the camera in millimeters of the plane intended to be converted into a 3d model. lam_content_near_depth equals to 0 indicates that the minimum distance is unknown. 
lam_content_far_depth indicates the maximum distance from the camera in millimeters of the plane intended to be converted into a 3d model. lam_content_far_depth equals to 0 indicates that the minimum distance is unknown.
When both lam_content_near_depth and lam_content_far_depth are not equal to 0, lam_content_near_depth shall be less than lam_content_far_depth.

Add clause 8.57 Sample interleving SEI message
8.57 Sample interleaving SEI message
8.57.1 Sample interleaving SEI message syntax

	sample_interleaving( payloadSize ) {
	Descriptor 

	}
	



8.57.2 Sample interleaving SEI message semantics
The sample interleaving (SI) SEI message enables reconstruction of a target picture with same resolution as the decoded picture and monochrome format with samples defined by spatial interleaving samples of the decoded picture horizontally and verticaly. The bitdepth of the target picture may differ from the bitdepth of the decoded picture. The process for modifying the bitdetph is described. This process is the inverse of the grouping of Bayer samples based on color component performed at the encoder side.
Use of this SEI message requires the definition of the following variables:
–	A bit depth for the samples denoted by BitDepthY
–	Values of width and height in units of luma samples, denoted herein by picWidthInLumaSamples and picHeightInLumaSamples, respectively.
–	A luma sample array of a cropped decoded picture, denoted herein by DecodedPictureY[ x ][ y ] with x = 0.. picWidthInLumaSamples − 1, y = 0.. picHeightInLumaSamples − 1.
When an SI SEI message is present for any pictur of a CLVS of a particular layer, it shall be present for the first picture of the CLVS. The SI SEI message persists for the current layer in decoding order from the current picture unitl the end of the CLVS.
When an SI SEI message is present for a picture of a CLVS of a particular layer, but there is no SEI message of the same type present for the first picture of the CLVS, a decoder should process the SI SEI message as if an SEI message of the same type were present for the first picture of the CLVS.
Additional values used for sample interleaving are inferred from the presence of the SI SEI message as defined in Table XX.
Table XX Parameter values when this sample interleaving SEI message is present
	dx
	2

	dy
	2

	lowCodeValue
	0

	highCodeValue
	65 535

	gammaVal
	2.2



The decoded samples are interleaved and expanded in bit-depth to produce an image representing Bayer camera samples as follows:
–	The variable groupWidth is set equal to picWidthInLumaSamples / dx and the variable groupHeight is set equal to picHeightInLumaSamples / dy.
–	For i in the range 0 to WidthInLumaSamples − 1, inclusive, and j in the range 0 to picHeightInLumaSamples− 1, inclusive, the sample at location ( i, j ) is derived as
imageInterleaved[ I ][ j ] = DecodedPictureY[ i / dx + ( i % dx ) *	(XX)
		groupWidth ][ j / dy + ( j % dy ) * groupHeight ]

–	Individual samples are remapped to an image monochrome array remapped[ i ][ j ]. The values of remapped[ i ][ j ] for i in the range 0 to picWidthInLumaSamples–− 1, inclusive, and j in the range 0 to picHeightInLumaSamples–− 1, inclusive, are derived as
remapped[ i ][ j ] = lowCodeValue + ( highCodeValue − lowCodeValue ) *	(XX)
		( imageInterleaved[ i ][ j ] ÷ ( 2BitDepthY − 1 ) )gammaVal

Add clause 9.4: Parsing process for floating-point syntax elements
9.4 Parsing process for floating-point syntax elements
9.4.1 Parsing process for flf(w, t) descriptor
Inputs to this process are a request for a value of a syntax element of length w + t + 1 bits, syntaxElementVal, with descriptor flf(w, t). 
Output of this process is the real number value of the syntax element, realVal.
syntaxElementVal is parsed as specified by ISO/IEC 60559:2020 according to the values of w and t, where w is length in bits of the exponent, and t is the length in bits of the significand.
realVal is set equal to the value v, as determined by ISO/IEC 60559:2020 clause 3.4 for the values of w and t.
NOTE – The values of realVal specified in ISO/IEC 60559:2020 include NaN, infinity and signed zero values.
9.4.2 Parsing process for fl(n) descriptor 
Inputs to this process are a request for a value of a syntax element of length n bits, syntaxElementVal, with descriptor fl(n).
Output of this process is the real number value of the syntax element, realVal.
syntaxElementVal is parsed as flf(w, t) as specified in 9.4.1, with the values of w and t determined by Table X according to the value of n, with output value realVal. 

Table X – Mapping of number of bits, n, to w and t
	n
	Information
	w
(exponent bits)
	t
(significand bits)

	16
	ISO/IEC 60559:2020 binary16
	5
	10

	32
	ISO/IEC 60559:2020 binary32
	8
	23

	64
	ISO/IEC 60559:2020 binary64
	11
	52

	128
	ISO/IEC 60559:2020 binary128
	15
	112

	Other values
	Reserved for future use by ITU-T | ISO/IEC 
	
	




Changes to VVC subclause D.12 for adding the support of packed regions, constitiuent rectangles, quality metrics, and danmu information SEI messages and support of auxiliary layers for NNPF
D.12.xx	Use of the neural network post-filter characteristics SEI message and the neural network post-filter activation SEI message
Let currPic be the cropped decoded output picture for which the neural-network post-processing filter (NNPF) defined by the neural-network post-filter characteristics (NNPFC) SEI message is activated by a neural-network post-filter activation (NNPFA) SEI message and currLayerId be the nuh_layer_id value of currPic.
...
When nnpfc_auxiliary_inp_idc is equal to 4, let currAuxPic[ LayerIdx ] be the cropped decoded output picture of layer with nuh_layer_id equal to nnpfc_layer_target_id[ LayerIdx ] with LayerIdx in the range of 0 to nnpfc_num_aux_layers_minus1, inclusive, in the same AU as currentPic.
…
For each value of j in the range of 0 to numInferences − 1, inclusive, the following applies:
–	The variable numCandInputPics, which indicates the number of candidate input pictures to the NNPF, is derived as follows:
numCandInputPics = numInputPics + nnpfa_num_input_pic_shift	(xx)
–	The arrays candInputPic[ i ] and candInputPresentFlag[ i ] for i in the range of 0 to numCandInputPics − 1, inclusive, representing all the candidate input pictures and the presence of candidate input pictures, respectively, and, when nnpfc_auxiliary_inp_idc is equal to 4 , the arrays candAuxInputPic[ i ][ m ] and candAuxInputPresentFlag[ i ][ m ] for i in the range of 0 to numCandInputPics − 1, inclusive, and m in the range of 0 to nnpfc_num_aux_layers_minus1, inclusive, representing all the auxiliary candidate input pictures and the presence of auxiliary candidate input pictures, respectively, are specified as follows:
–	When j is greater than 0, for each value of k in the range of 0 to j − 1, inclusive, candInputPic[ k ] is set to be currPic and candInputPresentFlag[ k ] is set equal to 0 and when nnpfc_auxiliary_inp_idc is equal to 4 , for each value of m in the range of 0 to nnpfc_num_aux_layers_minus1, candAuxInputPic[ k ][ m ] is set to be currAuxPic[ m ] and candAuxInputPresentFlag[ k ][ m ] is set equal to 0.
–	The j-th candidate input picture, candInputPic[ j ], is set to be currPic and candInputPresentFlag[ j ] is set equal to 1 and when nnpfc_auxiliary_inp_idc is equal to 4 , for each value of m in the range of 0 to nnpfc_num_aux_layers_minus1, each auxiliary candidate input picture candAuxInputPic[ j ][ m ] is set to be currAuxPic[ m ] and candAuxInputPresentFlag[ k ][ m ] is set equal to 1.
–	When numCandInputPics is greater than 1, the following applies for each value of i in the range of j + 1 to numCandInputPics − 1, inclusive, in increasing order of i:
–	If both of the following conditions are true, candInputPic[ i ] is set to be prevPic and candInputPresentFlag[ i ] is set equal to 1 and when nnpfc_auxiliary_inp_idc is equal to 4 , for each value of m in the range of 0 to nnpfc_num_aux_layers_minus1, each auxiliary candidate input picture candAuxInputPic[ j ][ m ] is set to be prevAuxPic[ m ] and candInputAuxPresentFlag[ k ][ m ] is set equal to 1, prevAuxPic[ m ] being the cropped decoded output picture that has nuh_layer_id equal to nnpfc_layer_target_id[ m ], precede candAuxInputPic[ i − 1 ][ m ] in output order:
–	Either of the following conditions is true:
–	pictureRateUpsamplingFlag is equal to 1 and currPic is associated with a frame packing arrangement SEI message with frame_packing_arrangement_type equal to 5 and a particular value of fp_current_frame_is_frame0_flag, and there is a cropped decoded output picture prevPic that is the last picture in output order among all cropped decoded output pictures that have nuh_layer_id equal to currLayerId, precede candInputPic[ i − 1 ] in output order, and are associated with a frame packing arrangement SEI message with frame_packing_arrangement_type equal to 5 and the same value of fp_current_frame_is_frame0_flag.
–	pictureRateUpsamplingFlag is equal to 0 or currPic is not associated with a frame packing arrangement SEI message with frame_packing_arrangement_type equal to 5, and there is a cropped decoded output picture prevPic that is the last picture in output order among all cropped decoded output pictures that have nuh_layer_id equal to currLayerId and precede candInputPic[ i − 1 ] in output order.
–	nnpfa_no_prev_clvs_flag is equal to 0 or the coded picture corresponding to prevPic and the current picture are present in the same CLVS.
–	Otherwise, the following applies:
–	candInputPic[ i ] is set to be the same picture as candInputPic[ i − 1 ] and candInputPresentFlag[ i ] is set equal to 0 and when nnpfc_auxiliary_inp_idc is equal to 4 , for each value of m in the range of 0 to nnpfc_num_aux_layers_minus1, candAuxInputPic[ j ][ m ] is set to be the same as candAuxInputPic[ j − 1 ][ m ]  and candAuxInputPresentFlag[ j ][ m ] is set equal to 0.
–	It is a requirement of bitstream conformance that, when pictureRateUpsamplingFlag is equal to 1, nnpfc_interpolated_pics[ i − 1 ] shall be equal to 0.
–	The arrays inputPic[ i ] and inputPresentFlag[ i ] for i in the range of 0 to numInputPics − 1, inclusive, representing all the input pictures and the presence of input pictures, respectively, are specified as follows:
for( i = 0, candIdx = nnpfa_num_input_pic_shift; i <= nnpfc_num_input_pics_minus1; i++, candIdx++ ) {
	inputPic[ i ] = candInputPic[ candIdx ]			(xx)
	inputPresentFlag[ i ] = candInputPresentFlag[ candIdx ]
}
–	When nnpfc_auxiliary_inp_idc is equal to 4, the arrays inputAuxPic[ i ][ j ] and inputPresentFlag[ i ][ j ] for i in the range of 0 to numInputPics − 1, inclusive, and for j in the range of 0 to nnpfc_num_aux_layers_minus1, inclusive, representing all the input auxiliary pictures and the presence of input auxiliary pictures, respectively, are specified as follows:
for( i = 0, candIdx = nnpfa_num_input_pic_shift; i <= nnpfc_num_input_pics_minus1; i++, candIdx++ ) {
	for( j = 0; j <= nnpfc_num_aux_layers_minus1; j++ ){
		inputAuxPic[ i ][ j ] = candAuxInputPic[ candIdx ][ j ]		(xx)
		inputAuxPresentFlag[ i ][ j ] = candAuxInputPresentFlag[ candIdx ][ j ]
	}
}
–	For each value of i in the range 0 to numInputPics − 1, inclusive, it is a requirement of bitstream conformance that when inputPresentFlag[ i ] is equal to 0 and nnpfc_input_pic_output_flag[ i ] is equal to 1, the value of nnpfa_output_flag[ idx ] shall be equal to 0 for the value of idx such that InpIdx[ idx ] is equal to i.
–	For purposes of interpretation of the NNPFC SEI message, the following variables are specified:
[bookmark: _Hlk181652344]–	CroppedWidth is set equal to the value of pps_pic_width_in_luma_samples − ‌SubWidthC * ‌ ( pps_conf_win_left_offset + pps_conf_win_right_offset ) for currPic.
[bookmark: _Hlk181652350]–	CroppedHeight is set equal to the value of pps_pic_height_in_luma_samples − ‌SubHeightC * ‌ ( pps_conf_win_top_offset + pps_conf_win_bottom_offset ) for currPic.
–	The luma sample arrays CroppedYPic[ i ] and the chroma sample arrays CroppedCbPic[ i ] and CroppedCrPic[ i ], when present, are derived as follows for each value of i in the range of 0 to numInputPics − 1, inclusive:
–	The variable sourcePic is derived as follows:
–	If inputPresentFlag[ i ] is equal to 1 or nnpfc_absent_input_pic_zero_flag is equal to 0, sourcePic is set to be inputPic[ i ].
–	Otherwise(inputPresentFlag[ i ] is equal to 0 and nnpfc_absent_input_pic_zero_flag is equal to 1), sourcePic is set to be a picture with a luma sample array of CroppedWidth * CroppedHeight samples equal to 0 and Cb and Cr sample arrays of ( CroppedWidth / SubWidthC ) * ( CroppedHeight / SubHeightC ) samples equal to 0.
–	The luma sample array CroppedYPic[ i ] and the chroma sample arrays CroppedCbPic[ i ] and CroppedCrPic[ i ], when present, are set to be the 2-dimensional arrays of decoded sample values of the Y, Cb and Cr components, respectively, of sourcePic.
–	When nnpfc_auxiliary_inp_idc is equal to 4, the luma sample arrays CroppedYAuxPic[ i ][ j ] and the chroma sample arrays CroppedCbAuxPic[ i ][ j ] and CroppedCrAuxPic[ i ][ j ], when present, are derived as follows for each value of i in the range of 0 to numInputPics − 1, inclusive, and for j in the range of 0 to nnpfc_num_aux_layers_minus1, inclusive:
–	The variable sourceAuxPic is derived as follows:
–	If inputAuxPresentFlag[ i ][ j ] is equal to 1 or nnpfc_absent_input_pic_zero_flag is equal to 0, sourceAuxPic is set to be inputAuxPic[ i ][ j ].
–	Otherwise (inputAuxPresentFlag[ i ][ j ] is equal to 0 and nnpfc_absent_input_pic_zero_flag is equal to 1), sourceAuxPic is set to be a picture with a luma sample array of CroppedWidth × CroppedHeight samples equal to 0 and Cb and Cr sample arrays of ( CroppedWidth / SubWidthC ) * ( CroppedHeight / SubHeightC ) samples equal to 0.
–	If sps_chroma_format_idc of the SPS referred to by currPic is greater than 0 and sps_chroma_format_idc of the SPS referred to by the picture of the j-th layer in the same AU as currPic is 0, Cb and Cr chroma samples arrays are added to sourceAuxPic of ( CroppedWidth / SubWidthC ) * ( CroppedHeight / SubHeightC ) samples equal to 0.
–	The luma sample array CroppedYAuxPic[ i ][ j ] and the chroma sample arrays CroppedCbAuxPic[ i ][ j ] and CroppedCrAuxPic[ i ][ j ], when present, are set to be the 2-dimensional arrays of decoded sample values of the Y, Cb and Cr components, respectively, of sourceAuxPic.
[bookmark: _Hlk181652383]–	BitDepthY and BitDepthC are both set equal to BitDepth.
[bookmark: _Hlk181652405]–	ChromaFormatIdc is set equal to sps_chroma_format_idc of the SPS referred to by currPic.
[bookmark: _Hlk130548304]–	The array StrengthControlVal[ i ] for all values of i in the range of 0 to numInputPics − 1, inclusive, specifying the filtering strength control value for the input pictures for the NNPF, is derived as follows:
–	StrengthControlVal[ i ] is set equal to the value of ( firstSliceQpY + QpBdOffset ) ÷ ( 63 + QpBdOffset ), where firstSliceQpY is equal to SliceQpY of the first slice of inputPic[ i ].
It is a requirement of bitstream conformance that, the values of inWidth[ i  ], inHeight[ i  ], and inBitDepth[ i ] shall be the same for each picture that is present in currAu and has nuh_layer_id equal to nnpfc_layer_target_id[ i ] with i in the range of 0 to nnpfc_num_aux_layers_minus1, inclusive, in the same AU as currentPic shall be equal to: CroppedWidth, CroppedHeight and BitDepth, where inWidth[ i ], inHeight[ i ], and inBitDepth[ i ] are derived as follows:.
–	inWidth[ i ] is set equal to the value of pps_pic_width_in_luma_samples − ‌SubWidthC * ‌ ( pps_conf_win_left_offset + pps_conf_win_right_offset ) for the picture that is present in currAu and has nuh_layer_id equal to nnpfc_layer_target_id[ i ].
–	inHeight[ i ] is set equal to the value of pps_pic_height_in_luma_samples − ‌SubHeightC * ‌ ( pps_conf_win_top_offset + pps_conf_win_bottom_offset ) for the picture that is present in currAu and has nuh_layer_id equal to nnpfc_layer_target_id[ i ].
–	inBitDepth[ i ] is set equal to 0 the value of BitDepth of the picture that is present in currAu and has nuh_layer_id equal to nnpfc_layer_target_id[ i ].

[bookmark: _Toc216447352][bookmark: _Hlk217463280][bookmark: _Hlk218531184]D.12.xx Use of the film grain regions characteristics SEI message
For purposes of interpretation of the film grain regions characteristics SEI message, the following variables are specified:
If the film grain regions characteristics SEI message is not applied as part of a processing chain indicated by an SEI processing order SEI message or is applied as the first processing step of the processing chain indicated by an SEI processing order SEI message, the following applies:
–	PicWidthInLumaSamples and PicHeightInLumaSamples are set equal to pps_pic_width_in_luma_samples and pps_pic_height_in_luma_samples, respectively.
–	InPic is set to be a decoded picture to which the film grain regions chracteristics SEI message applies.
–	ChromaFormatIdc is set equal to sps_chroma_format_idc.
–	BitDepthY and BitDepthC are both set equal to BitDepth.
NOTE – The use of the film grain regions characteristics SEI message in combination with the dynamic picture resolution changes supported by sps_res_change_in_clvs_allowed_flag equal to 1 was not studied at the time of development of the original version of this Specification. An encoder can indicate the width and height of the picture for which the film grain modelling information is indicated with fg_pic_width_in_luma_samples and fg_pic_height_in_luma_samples, respectively, which were added to the syntax of the film grain regions characteristics SEI message after the original version of this Specification and are optionally present.
Otherwise (the film grain regions characteristics SEI message is applied as the second or a later processing step of the processing chain indicated by an SEI processing order SEI message), prevPic is a picture resulting from the previous processing step of the processing chain indicated by the SEI processing order SEI message, and the following applies:
–	PicWidthInLumaSamples and PicHeightInLumaSamples are set equal to the picture width and picture height of prevPic, respectively.
–	InPic is set to be prevPic.
–	ChromaFormatIdc is set equal to the picture chroma format indicator of prevPic.
–	BitDepthY and BitDepthC are set equal to the luma bit depth and chroma bit depth of prevPic, respectively.

D.12.xx Use of the constituent rectangles SEI message in VVC
For purposes of interpretation of the constituent rectangles SEI message, the following variables are specified:
–	For each layer with layer identifier equal to a particular value of cr_layer_id[ lIdx ], for lIdx in the range from 0 to cr_num_layers_minus1, inclusive, PicWidthInLumaSamples[ cr_layer_id[ lIdx ] ] and PicHeightInLumaSamples[ cr_layer_id[ lIdx ] ] are set equal to pps_pic_width_in_luma_samples and pps_pic_height_in_luma_samples, respectively.
–	For each layer with layer identifier equal to a particular value of cr_layer_id[ lIdx ], for lIdx in the range from 0 to cr_num_layers_minus1, inclusive, MaxPicWidth[ cr_layer_id[ lIdx ] ] and MaxPicHeight[ cr_layer_id[ lIdx ] ] are set equal to sps_pic_width_max_in_luma_samples and sps_pic_height_max_in_luma_samples, respectively.
–	For each layer with layer identifier equal to a particular value of cr_layer_id[ lIdx ], for lIdx in the range from 0 to cr_num_layers_minus1, inclusive, ChromaFormatIdc[ cr_layer_id[ lIdx ] ] is set equal to sps_chroma_format_idc[ cr_layer_id[ lIdx ] ] of the picture in the layer.
–	For each layer with layer identifier equal to a particular value of cr_layer_id[ lIdx ], for lIdx in the range from 0 to cr_num_layers_minus1, inclusive, NumSubpics[ cr_layer_id[ lIdx ] ] is set equal to sps_num_subpics_minus1 + 1.
–	For each layer with layer identifier equal to a particular value of cr_layer_id[ lIdx ], for lIdx in the range from 0 to cr_num_layers_minus1, inclusive, SubPicTopLeftX[ cr_layer_id[ lIdx ] ][ i ] is set equal to sps_subpic_ctu_top_left_x[ i ] * CtbSizeY.
–	For each layer with layer identifier equal to a particular value of cr_layer_id[ lIdx ], for lIdx in the range from 0 to cr_num_layers_minus1, inclusive, SubPicTopLeftY[ cr_layer_id[ lIdx ] ][ i ] is set equal to sps_subpic_ctu_top_left_y[ i ] * CtbSizeY.
–	For each layer with layer identifier equal to a particular value of cr_layer_id[ lIdx ], for lIdx in the range from 0 to cr_num_layers_minus1, inclusive, SubPicWidth[ cr_layer_id[ lIdx ] ][ i ] is set equal to (sps_subpic_width_minus1[ i ] + 1 ) * CtbSizeY − 1.
–	For each layer with layer identifier equal to a particular value of cr_layer_id[ lIdx ], for lIdx in the range from 0 to cr_num_layers_minus1, inclusive, SubPicHeight[ cr_layer_id[ lIdx ] ][ i ] is set equal to (sps_subpic_height_minus1[ i ] + 1 ) * CtbSizeY – 1.
D.12.xx Use of the quality metric SEI message in VVC
For purposes of interpretation of the quality metric SEI message, the derivation of the variables ChromaFormatIdc, NumPics, TestPicList, PicWidth, PicHeight, and GainRefPicList is specified below.
The list TestPicList is set as follows:
–	If the quality metric SEI message is not included in a processing order nesting SEI message, TestPicList consists of the cropped decoded pictures of the current CLVS in output order.
–	Otherwise (i.e., when the quality metric SEI message is included as the i-th type of an SEI message in an SEI processing order SEI message), TestPicList consists of all pictures in CandInputPicList[ PoProcStgIdx[ i ] ] that are corresponding pictures or associated inserted pictures of the cropped decoded pictures of the current CLVS in output orderNumPics is set equal to the count of pictures in TestPicList.
PicWidth[ i ] and PicHeight[ i ] are set equal to the width and height of TestPicList[ i ], respectively, in luma samples.
The value of ChromaFormatIdc is derived as follows:
–	If the quality metric SEI message is not included in a processing order nesting SEI message, ChromaFormatIdc is set equal to sps_chroma_format_idc.
–	Otherwise (the quality metric SEI message is included in a processing order nesting SEI message), ChromaFormatIdc is set to a value that matches the chroma format of the pictures in TestPicList and it is a requirement of bitstream conformance that the chroma format of all the pictures in TestPicList and GainRefPicList, when present, shall be identical.
D.12.xx Use of the display overlays SEI message in VVC
For purposes of interpretation of the display overlays information SEI message, the following variables are specified:
–	For each layer with layer identifier equal to a particular value of doi_layer_id[ i ], for i in the range from 0 to doi_num_layers_minus1, inclusive, PicWidthInLumaSamples[ doi_layer_id[ i ] ] and PicHeightInLumaSamples[ doi_layer_id[ i ] ] are set equal to pps_pic_width_in_luma_samples and pps_pic_height_in_luma_samples, respectively.
–	For each layer with layer identifier equal to a particular value of doi_layer_id[ i ], for i in the range from 0 to doi_num_layers_minus1, inclusive, ChromaFormatIdc[ doi_layer_id[ i ] ] is set equal to sps_chroma_format_idc.
–	For each layer with layer identifier equal to a particular value of doi_layer_id[ i ], for i in the range from 0 to doi_num_layers_minus1, inclusive, SubWidthC[ doi_layer_id[ i ] ] and SubHeightC[ doi_layer_id[ i ] ] are set equal to SubWidthC and SubHeightC, of the picture in the layer, respectively.
–	For each layer with layer identifier equal to a particular value of doi_layer_id[ i ], for i in the range from 0 to doi_num_layers_minus1, inclusive, BitDepthY[ doi_layer_id[ i ] ] and BitDepthC[ doi_layer_id[ i ] ] are both set equal to BitDepth of the picture in the layer.
–	For each layer with layer identifier equal to a particular value of doi_layer_id[ i ], for i in the range from 0 to doi_num_layers_minus1, inclusive, NumSubpics[ doi_layer_id[ i ] ] is set equal to sps_num_subpics_minus1 + 1.
–	For each layer with layer identifier equal to a particular value of doi_layer_id[ i ], for i in the range from 0 to doi_num_layers_minus1, inclusive, SubPicWidth[ doi_layer_id[ i ] ][ j ] is set equal to (sps_subpic_width_minus1[ j ] + 1 ) * CtbSizeY – 1.
–	For each layer with layer identifier equal to a particular value of doi_layer_id[ i ], for i in the range from 0 to doi_num_layers_minus1, inclusive, SubPicHeight[ doi_layer_id[ i ] ][ j ] is set equal to (sps_subpic_height_minus1[ j ] + 1 ) * CtbSizeY – 1.
It is a requirement of bitstream conformance that there shall be at least one OLS with index olsIdx that has values of OutputLayerIdInOls[ olsIdx ][ j ] equal to doi_layer_id[ doi_layer_idx[ i ] ] and doi_alpha_layer_idx[ doi_layer_idx[ i ] ], when doi_alpha_present_flag[ i ] is equal to 1, for each value of i in the range of 0 to doi_num_display_overlays_minus1 , inclusive, and for any values of j in the range of 0 to NumOutputLayersInOls[ olsIdx ] − 1, inclusive.
D.12.xx Use of the Bitdepth range information SEI message in VVC
For purposes of interpretation of the bitdepth range information SEI message, the following variables are specified:
–	For each layer with layer identifier equals to a particular value of bri_layer_id[ i ], for i in the range from 0 to bri_num_ranges_minus1, inclusive, ChromaFormatIdc[ bri_layer_id[ i ] ] is set equal to sps_chroma_format_idc.
–	For each layer with layer identifier equals to a particular value of bri_layer_id[ i ], for i in the range from 0 to bri_num_ranges_minus1, inclusive, BitDepth[ bri_layer_id[ i ] ] is set equal to BitDepth, respectively, of the picture.
–	For each layer with layer identifier equal to a particular value of bri_layer_id[ i ], for i in the range from 0 to bri_num_ranges_minus1, inclusive, PicWidthInLumaSamples[ bri_layer_id[ i ] ] and PicHeightInLumaSamples[ bri_layer_id[ i ] ] are set equal to pps_pic_width_in_luma_samples and pps_pic_height_in_luma_samples, respectively.
–	For each layer with layer identifier equal to a particular value of bri_layer_id[ i ], for i in the range from 0 to bri_num_ranges_minus1, inclusive, NumSubpics[ bri_layer_id[ i ] ] is set equal to sps_num_subpics_minus1 + 1.
D.12.xx Use of the display rectangles SEI message 
For purposes of interpretation of the display rectangles SEI message, the following variables are specified:
–	ChromaFormatIdc is set equal to sps_chroma_format_idc.
–	BitDepthY and BitDepthC are both set equal to BitDepth.
–	CroppedWidth is set equal to ( pps_pic_width_in_luma_samples – SubWidthC * ( pps_conf_win_right_offset + pps_conf_win_left_offset ) ).
–	CroppedHeight is set equal to ( pps_pic_height_in_luma_samples − SubHeightC * ( pps_conf_win_bottom_offset + pps_conf_win_top_offset ) ).
–	DecodedPicture[ cIdx ] for cIdx in the range of 0..2 are set to be the 2-dimensional arrays of decoded sample values of the Y, Cb and Cr components, respectively, of the cropped decoded picture for which the display rectangles information SEI message persists.
D.12.xx Use of the danmu information SEI message
For purposes of interpretation of the danmu information SEI, the variable CurrPoc is set equal to PicOrderCntVal of the current picture, as described in clause 8.3.1. The current picture is the picture in the same PU that contains the danmu information SEI message.
[bookmark: _Hlk217927787]D.12.xx Use of the colour mapping information SEI message in VVC
For purposes of interpretation of the colour mapping information SEI message, the following variables are specified:
–	BitDepthY is set equal to BitDepth.

Addition(s) related to payload size signalling
X.1 Versatile SEI RBSP
X.1.1	Versatile SEI RBSP syntax

	vsei_rbsp( ) {
	Descriptor

		vsei_position
	u(2)

		vsei_relevance
	u(2)

		vsei_payload_size_length
	u(2)

		vsei_reserved
	u(2)

		do
	

			versatile_sei_message( )
	

		while( vsei_payload_size_length  &&  more_rbsp_data( ) )
	

		rbsp_trailing_bits( )
	

	}
	



X.1.2	Versatile SEI RBSP semantics
Versatile supplemental enhancement information RBSP contains information that is not necessary to decode the samples of coded pictures from VCL NAL units. A VSEI RBSP contains one or more VSEI message.
vsei_position indicates if the SEI message corresponds to the PREFIX_SEI_NUT and SUFFIX_SEI_NUT.  vsei_position equal 0 indicates that the SEI message is treated as PREFIX_SEI_NUT. vsei_position equal 1 indicates that the SEI message is treated as SUFFIX_SEI_NUT. Values 32 and 43 of vsei_position are reserved for future use and shall be ignored.
vsei_relevance indicates the relevance of the SEI message for the target application. vsei_relevance ranges from 0 to 3, with 0 being the least relevant and 3 being the most relevant. vsei_relevance equal to 3 indicates that the versatile SEI message may be a required versatile SEI message.
vsei_payload_size_length equal to 0 specifies that no vsei_payload_size syntax element is present in vsei_rbsp(). vsei_payload_size_length not equal to 0 specifies that one or more vsei_payload_size syntax elements are present in vsei_rbsp().
NOTE – When vsei_payload_size_length is equal to 0, the NAL unit contains only one SEI message.
vsei_reserved is reserved for future use and shall be ignored.
X.1.3	Versatile SEI message syntax
	versatile_sei_message( ) {
	Descriptor

		vseiPayloadType = 0
	

		do {
	

			vsei_payload_type_byte
	u(8)

			vseiPayloadType += vsei_payload_type_byte
	

		} while( vsei_payload_type_byte  = =  0xFF )
	

		if( vsei_payload_size_length )
	

			vsei_payload_size
	u(v)

		vsei_payload( vseiPayloadType, vsei_payload_size )
	

	}
	



X.1.4	Versatile SEI message semantics
Each versatile SEI message consists of the variables specifying the payload type and payload size of the SEI message payload. Versatile SEI message payloads are specified in XXX.
NOTE – The NAL unit byte sequence containing the SEI message might include one or more emulation prevention bytes (represented by emulation_prevention_three_byte syntax elements).
vsei_payload_type_byte is a byte of the payload type of a versatile SEI message.
vsei_payload_size specifies the payload size in bytes of a versatile SEI message. The length of the syntax element is 8 * vsei_payload_size_length bits. When vsei_payload_size is not present, it is inferred to be equal to NumBytesInNalUnit – 4.


Addition(s) related to alternative persistence signalling in SEI messages
X.2 Example SEI message to describe alternative persistence signalling for SEI messages 
X.2.1	Example SEI message without an ID syntax

	example( payloadSize ) {
	Descriptor

		ex_persistence_idc
	u(2)

		if( ex_persistence_idc > 0 ) {
	

			/* additional syntax elements */
	

		}
	

	}
	


X.2.2	Example SEI message without an ID semantics
ex_persistence_idc specifies the persistence of the example SEI message for the current layer.
ex_persistence_idc equal to 0 indicates that the example SEI message cancels the persistence of any previous example SEI message in output order that applies to the current layer of the current example SEI message.
ex_persistence_idc equal to 1 specifies that the example SEI message applies to the current decoded picture only.
ex_persistence_idc equal to 2 specifies that the example SEI message applies to the current decoded picture and persists for all subsequent pictures of the current layer in output order until one or more of the following conditions are true:
–	A new CLVS of the current layer begins.
–	The bitstream ends.
–	A picture in the current layer in an AU associated with an example SEI message that follows the current picture in output order.
ex_persistence_idc equal to 3 specifies that the example SEI message applies for the entire CLVS. 
It is a requirement of bitstream conformance that when ex_persistence_idc is equal to 3 and this SEI message is not the first example SEI message in a CLVS, in decoding order, an example SEI message shall be present in the first PU of the CLVS in decoding order.
When ex_persistence_idc is equal to 3 in the first PU in the CLVS in decoding order, all example SEI messages in the CLVS shall have identical SEI payload content.

X.2.3	Example SEI message with an ID syntax

	example( payloadSize ) {
	Descriptor

		ex_id
	u(6)

		ex_persistence_idc
	u(2)

		if( ex_persistence_idc > 0 ) {
	

			/* additional syntax elements */
	

		}
	

	}
	



X.2.4	Example SEI message with an ID semantics
ex_id specifies an identifier of the example SEI message. 
ex_persistence_idc specifies the persistence of the example SEI message for the current layer.
ex_persistence_idc equal to 0 indicates that the example SEI message cancels the persistence of any previous example SEI message in output order that applies to the current layer and has the same ex_id as the current example SEI message.
ex_persistence_idc equal to 1 specifies that the example SEI message applies to the current decoded picture only.
ex_persistence_idc equal to 2 specifies that the example SEI message applies to the current decoded picture and persists for all subsequent pictures of the current layer in output order until one or more of the following conditions are true:
–	A new CLVS of the current layer begins.
–	The bitstream ends.
–	A picture in the current layer in an AU associated with an example SEI message with the same ex_id is output that follows the current picture in output order.
ex_persistence_idc equal to 3 specifies that the example SEI message applies for the entire CLVS. 
It is a requirement of bitstream conformance that when ex_persistence_idc is equal to 3 and this SEI message is not the first example SEI message in a CLVS, in decoding order, an example SEI message with the same value of ex_id shall be present in the first PU of the CLVS in decoding order.
All example SEI messages in a CLVS that have a particular ex_id value and ex_persistence_idc equal to 3 shall have identical SEI payload content.
When ex_persistence_idc is equal to 3 in the first PU in the CLVS in decoding order, all example SEI messages in the CLVS that have a particular ex_id value shall have identical SEI payload content.
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